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BOOK  III.  OF  PART  II.  CONTINUED. 


Order  III.  AGGREGATES. 


This  Order  comprehends  all  mechanical  mixtures  of    Class  I. 
earths  and  stones  found  in  the  mineral  kingdom.  These  Vl„-y —  \ 
are  exceedingly  numerous  :  the  mountains  and  hills,  the 
mould  on  which  vegetables  grow,  and  indeed  the  great- 
er part  of  the  globe,  may  be  considered  as  composed  of 
them.    A  complete  description  of  aggregates  belongs 
rather  to  geology  than  mineralogy.  It  would  be  impro- 
per, therefore,  to  treat  of  them  fully  here.    But  they 
cannot  be  altogether  omitted ;  because  aggregates  are 
the  first  substances  which  present  themselves  to  the 
view  of  the  practical  mineralogist ;  and  because,  with- 
out being  acquainted  with  the  names  and  component 
parts  of  many  of  them,  the  most  valuable  mineralogical 
works  could  not  be  understood. 
Vol.  IV.  A 
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AGGREGATES. 


Class  T. 
Order  111. 

>  „  

Arrange- 
ment. 


Aggregates  may  be  comprehended  under  four  divi- 
sions:  i.  Mixtures  of  earths ;  1.  Amorphous  fragments 
of  stones  agglutinated  together  ;  3.  Crystallized  stones, 
either  agglutinated  together  or  with  amorphous  stones; 
4.  Aggregates  formed  by  fire.  It  will  be  exceedingly 
convenient  to  treat  each  of  these  separately.  I  shall 
therefore  divide  this  order  into  four  Sections. 


SECT.  I. 

AGGREGATES  OF  EARTHS. 

The  most  common  earthy  aggregates  may  be  com- 
prehended under  the  following  genera  : 

1.  Clay,  3.  Marl, 

2.  Colorific  earths,  4  Mould. 

Genus  I.  Clay. 

Compos!-  Clay  is  a  mixture  of  alumina  and  silica  in  various 
proportions.  The  alumina  is  in  the  state  of  an  impalpable 
powder;  but  the  silica  is  almost  always  in  small  grains, 
large  enough  to  be  distinguished  by  the  eye.  Clay, 
therefore,  exhibits  the  character  of  alumina,  and  not  of 
silica,  even  when  this  last  ingredient  predominates.  The 
particles  of  silica  are  already  combined  with  each  other; 
and  they  have  so  strong  an  affinity  for  each  other,  that 
few  bodies  can  separate  them ;  whereas  the  alumina,  not 
being  combined,  readily  displays  the  characters  which 
distinguish  it  from  other  bodies.  Besides  alumina  and 
silica,  clay  often  contains  carbonat  of  lime,  of  magnesia, 


barytes,  oxide  of  iron,  &.c.    And  as  clay  is  merely  a    Genu»  L 
*     •    i     •  i  .  .     .  .  Species  I. 

mechanical  mixture,  the  proportion  of  its  ingredients  is 

exceedingly  various. 

Clay  has  been  divided  into  the  following  species : 

Sj>.  i.  Porcelain  clay.  , 
Its  texture  is  earthy.  Its  lustre  o.  Opaque.  Hard- 
ness 4.  Specific  gravity  from  2.23  to  2.4.  Colour 
white,  sometimes  with  a  shade  of  yellow  or  red.  Ad- 
heres slightly  to  the  tongue.  Feels  soft.  Falls  to  pow- 
der in  water. 

A  specimen,  analysed  by  Hassenfratz,  contained 
62  silica 
Hj  alumina 
12  magnesia 
7  sulphat  of  barytes 

100  * 

A  specimen,  analysed  by  Mr  Wedgewood,  contained 
60  alumina 
20  silica 
1 2  air  of  water 


92 


Sp.  2    Common  clay 

Its  texture  is  earthy.  Lustre  o.  Opaque.  Hard- 
ness 3  to  6.  Specific  gravity  1.8  to  2.68.  Adheres 
slightly  to  the  tongue.  Often  feels  greasy.  Falls  to 
powder  in  water.  Colour,  when  pure,  white  ;  often 
tinged  blue  or  yellow. 

Variety  1.  Potter's  clay. — Hardness  3  to  4.  Spe-  Varieties, 
cific  gravity  1.8  to  2.  Stains  the  fingers  slightly.  Ac- 


*  Ann.de  Cbim.TXV,  144. 


AGGREGATES. 


Class  T. 
Order  III. 


Properties. 


Varieties. 


quires  some  polish  by  friction.  Colour  white  ;  often 
with  a  tinge  of  yellow  or  blue  ;  sometimes  brownish, 
"greenish ,  reddish.  Totally  diffusible  in  water  ;  and, 
when  duly  moistened,  very  ductile. 

Variety  2.  Indurated  clay  ^Hardness  5  to  6.  Does 

not  diffuse  itself  in  water,  but  falls  to  powder.  Dis- 
covers but  little  ductility.  Colours  grey,  yellowish, 
bluish,  greenish,  reddish,  brownish. 

Variety  3.  Shistose  clay  Structure  slaty.  Specific 

gravity  from  2.6  to  2.68.  Feels  smooth.  Streak  white 
or  grey.  Colour  commonly  bluish,  or  yellowish  grey; 
sometimes  blackish,  reddish,  greenish.  Found  in  strata, 
usually  in  coal  mines. 

This  variety  is  sometimes  impregnated  with  bitumen. 
It  is  then  called  bituminous  shale. 

Sp.  3.  Lithomarga. 

Texture  earthy.  Fracture  conchoidal.  Lustre  from 
0  to  2.  Opaque.  Hardness  3  to  7.  Specific  gravity, 
when  pretty  hard,  2.815.  Surface  smooth,  and  feels 
soapy.  Adheres  strongly  to  the  tongue.  Falls  to  pieces, 
and  then  to  powder,  in  water ;  but  does  hot  diffuse  it- 
self through  that  liquid.  Fusible  per  se  into  a  frothy 
mass. 

Variety  1.  Friable  lithomarga — Formed  of  scaly  par- 
ticles slightly  cohering.  Lustre  1  to  o.  Hardness  3  to 
4.  Exceedingly  light.  Feels  very  smooth,  and  assumes 
a  polish  from  the  nail.  Colour  white  ;  sometimes  tin- 
ged yellow  or  red. 

Vari-  ty  2.   Indurated  lithomarga  Hardness  4  to  7. 

The  softer  sort  adheres  very  strongly  to  the  tongue  when 
newly  broken  ;  the  harder  very  moderately.  Colours 
grey,  yellow,  red,  brown,  blue. 


BOLE — FULLERS  EARTH.  5 

A  specimen  of  lithomarga,  from  Osmund,  analysed     Genus  L 

,  °  *  Species  IV. 

by  Bergman,  contained  60.0  silica  '  /— — « 

1       •  Composi- 

11.0  alumina  tion. 
5.7  carbonat  of  lime 
4.7  oxide  of  iron 
0.5  carbonat  of  magnesia 

18.0  water  and  air 


99.9 


* 


Sp.  4.  Bole. 
Texture  earthy.  Fracture  concboidal.  Lustre  o. 
Transparency  scarce  1.  Hardness  4.  Specific  gravity 
from  1.4  to  2.  Acquires  a  polish  by  friction.  Scarcely 
adheres  to  the  tongue.  Feels  greasy.  Colour  yellow 
or  brown  ;  sometimes  red  ; .  sometimes  spotted. 

The  lemnian  earth  which  belongs  to  this  species,  ac- 
cording to  the  analysis  of  Bergman,  contains 

47.0  silica  •  Composi- 
19.0  alumina 
6.0  carbonat  of  magnesia 
5.4  carbonat  of  lime 
5.4  oxide  of  iron 
17.0  water  and  air 


tion. 


99.8  f 


Sp.  5.  Fullers  earth. 
Texture  earthy.  Structure  sometimes  slaty.  Frac- 
ture imperfectly  conchoidal.  Lustre  o.  Opaque.  Hard- 
ness 4.  Receives  a  polish  from  friction.  Does  not  ad- 
here to  the  tongue.  Feels  greasy.  Colour  usually 
light  green. 


*  Of  use.  iv. 


f  Ibid.  p.  157. 
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AGGREGATES. 


Order  ill        ^  sPe"men  from  Hampshire,  analysed  by  Bergman, 


-v  1  contained  51.8  silica 

Composi-  , 

tion.  25.0  alumina 


3  3  carbonat  of  lime 
3.7  oxide  of  iron 
0.7  carbonat  of  magnesia 
15.5  moisture 


JOO.O* 

This  earth  is  used  by  fullers  to  take  the  grease  out  of 
their  cloth  before  they  apply  soap.  It  is  essential  to 
fullers  earth  that  the  particles  of  silica  be  very  fine, 
otherwise  they  would  cut  the  cloth.  Any  clay,  pos- 
sessed of  this  last  property,  may  be  considered  as  fullers 
earth  ;  for  it  is  the  alumina  alone  which  acts  upon  the 
cloth,  on  account  of  its  strong  affinity  for  greasy  sub- 
stances. 

Genus  II.   Colorific  Earths. 

The  minerals  belonging  to  this  genus  consist  of  clay, 
mixed  with  so  large  a  quantity  of  some  colouring  ingre- 
dient as  to  render  them  useful  as  paints.  The  colour- 
ing matter  is  commonly  oxide  of  iron,  and  sometimes 
charcoal. 

'Sp.  1.    Red  chalk— R eddle. 

Texture  earthy.  Fracture  conchoidal.  Lustre  o. 
Opaque.  Hardness  4.  Specific  gravity  inconsiderable. 
Colour  dark  red. 

Feels  rough.  Stains  the  fingers.  Adheres  to  the 
tongue.  Falls  to  powder  in  water.  Does  not  become 
ductile.    When  heated  it  becomes  black,  and  at  a  159° 


*  Of  use.  iv.  159. 


COLORIFIC  EARTHS. 


7 


Wedgewood  melts  into  a  greenish  yellow  frothy  enamel.    Genus II. 
Composed  of  clay  and  oxide  of  iron.  vf£!!^llL 

■Sj£>.  2.   Yellow  chalk. 
Texture  earthy     Fracture  conchoidal.    Hardness  3.  Properties. 
Specific  gravity  inconsiderable.    Colour  ochre  yellow. 

Feels  smooth  or  greasy.  Stains  the  fingers.  Adheres 
to  the  tongue.  Falls  to  pieces  in  water.  When  heated 
becomes  red;  and  at  15  6°  Wedge  wood  melts  into  a 
brown  porous  porcelain. 

According  to  Sage,  it  contains 

50  alumina  Composi- 
40  oxide  of  iron 

10  water,  with  some  sulphuric  acid 


ioo  * 

Sp.  3.    Black  chalk. 
Structure  slaty.    Texture  earthy.    Fragments  splin-  Properties, 
tery.    Lustre  o.   Opaque.   Hardness  5.   Specific  gra- 
vity 2.144  to  2.77.    Colour  black.    Streak  black. 

Feels  smooth.  Adheres  slightly  to  the  tongue.  Does 
not  moulder  in  water.  When  heated  to  redness  it 
becomes  reddish  grey. 

According  to  Wiegleb,  it  is  composed  of 

64.50  silica  Composi- 
11.25  alumina 
11.00  charcoal. 
2.75  oxide  of  iron 
7.50  water 


tion. 


97.OO  f 


*  Mem.  Tar.  1779.  313-  t  Ann.  dt  Ch'm' sxx'  r3- 
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AGGREGATES. 


Class  T.  Sp.  4.    Green  earth. 

Order  HI.         m  ,         7  ^  TT     .  , 

i^—y—.j      lexture  earthy.    Lustre  o.    Opaque.    Hardness  6 
to  7.    Specific  gravity  2.637.    Colour  green. 

Commonly  feels  smooth.  Does  not  stain  the  fingers. 
Often  falls  to  powder  in  water.  When  heated  it  be- 
comes reddish  brown ;  and  at  1470  Wedgewood  melts 
into  a  black  compact  glass. 

Composed  of  clay,  oxides  of  iron  and  nickel. 

Genus  III.  Marl. 

A  mixture  of  carbonat  of  lime  and  clay,  in  which  the 
carbonat  considerably  exceeds  the  other  ingredient,  is 
called  mar/. 

Its  texture  is  earthy.  Lustre  o.  Opaque.  Hard- 
ness from  4  to  8 ;  sometimes  in  powder.  Specific  gra- 
vity from  1.6  to  2.877.  Colour  usually  grey,  often 
tinged  with  other  colours.    Effervesces  with  acids. 

Some  marls  crumble  into  powder  when  exposed  to 
the  air;  others  retain  their  hardness  for  many  years. 

Marls  may  be  divided  into  two  species  :  1.  Those 
which  contain  more  silica  than  alumina;  2.  Those  which 
contain  more  alumina  than  silica.  Mr  Kirwan  has  call- 
ed the  first  of  these  siliceous,  the  second  argillaceous, 
marls.  Attention  should  be  paid  to  this  distinction 
when  marls  are  used  as  a  manure. 

Genus  IV.  Mould. 

By  mould  is  meant  the  soil  on  which  vegetables  grow. 
It  contains  the  following  ingredients  :  silica,  alumina, 
lime,  magnesia  (sometimes),  iron,  carbon  derived  from 
decayed  vegetable  and  animal  substances,  carbonic  acid, 
and  water.  And  the  good  or  bad  qualities  of  soils  de- 
pend upon  a  proper  mixture  of  these  ingredients.  The 


Composi- 
tion. 


♦ 


MOULD.  3 

silica  is  seldom  in  the  state  of  an  impalpable  powder,  but  c;enusiv. 
in  grains  of  a  greater  or  smaller  size:  Its  chief  use  seems  , sPecies L  t 
to  be  to  keep  the  soil  open  and  pervious  to  moisture. 
If  we  pass  over  the  carbon,  the  iron,  and  the  carbonic 
acid,  the  goodness  of  a  soil  depends  upon  its  being  able 
t6  retain  the  quantity  of  moisture  which  is  proper  for 
the  nourishment  of  vegetables,  and  no  more.  Now  the 
retentive  power  of  a  soil  increases  with  the  proportion 
of  its  alumina,  lime,  or  magnesia,  and  diminishes  as  the 
proportion  of  its  silica  increases.  Hence  it  follows,  that 
in  a  dry  country,  a  fertile  soil  should  contain  less  silica, 
and  more  of  the  other  earths,  than  in  a  wet  country. 

Giobert  found  a  fertile  soil  near  Turin,  where  it 
rains  annually  30  inches,  to  contain 
From    77  to  79  silica 

9  —  14  alumina 
5  —  12  lime. 
Near  Paris,  where  it  rains  about  20  inches  annually, 
Mr  Tillet  found  a  fertile  soil  to  contain 
Coarse  sand  25 
Fine  sand  21 

16.5  alumina 
37.5  lime 

100.0  * 

The  varieties  of  mould  are  too  numerous  to  admit  an 
accurate  description  :  it  will  be  sufficient,  therefore,  to 
mention  the  most  remarkable. 

Sp.  I.  Sand. 

This  consists  of  small  grains  of  siliceous  stones  not 
cohering  together,  nor  softened  by  water.  When  the 
grains  are  of  a  large  size,  the  soil  is  called  gravel. 


46.0  silica 


*  Kirwan  on  Manures. 


JO  AGGREGATES. 

Class  I.  Sj>.  2.  Clay. 

This  consists  of  common  clay  mixed  with  decayed  ve- 
getable and  animal  substances. 

Sj>.  3.  Loam. 
Any  soil  which  does  not  cohere  so  strongly  as  clay, 
but  more  strongly  than  chalk,  is  called  loam.  There 
are  many  varieties  of  it.    The  following  are  the  most 
common. 

Variety  1.  Clayey  loam  ;  called  also  strong,  stiff,  cold, 

and  heavy  loam  It  consists  of  a  mixture  of  clay  and 

coarse  sand. 

Variety  2.  Chalky  loam. — A  mixture  of  clay,  chalk, 
and  coarse  sand  ;  the  chalk  predominating. 

Variety  3.  Sandy  loam. — A  mixture  of  the  same 
ingredients ;  the  sand  amounting  to  .8  or  .9  of  the 
whole. 

Sp.  4.  Till. 

Till  is  a  mixture  of  clay  and  oxide  of  iron.  It  is  of 
a  red  colour,  very  hard  and  heavy. 


SECT.  II. 

# 

AGGREGATES  OF  AMORPHOUS  STONES. 

The  aggregates  which  belong  to  this  section  consist 
of  amorphous  fragments  of  stones  cemented  together. 
They  may  be  reduced  to  the  following  genera  : 

1.  Sandstone, 

2.  Puddingstone, 

3.  Amygdaloid, 

4.  Breccia. 


SANDSTONE. 


II 


Genus  I. 

Genus  I.    Sandstone.  special 

Small  grains  of  sand,  consisting  of  quartz,  flint,  horn- 
Stone,  siliceous  shistus,  or  felspar,  and  sometimes  of 
mica,  cemented  together,  are  denominated  sandstones. 
They  feel  rough  and  sandy ;  and  when  not  very  hard, 
easily  crumble  into  sand.  The  cement  or  basis  by  which 
the  grains  of  sand  are  united  to  each  other  is  of  four 
kinds ;  namely,  lime,  alumina,  silica,  iron.  Sandstones, 
therefore,  may  be  divided  into  four  species. 

Sp.  i.    Calcareous  sandstones. 

Calcareous  sandstones  are  merely  carbonat  of  lime  or  Compo«- 
marl,  with  a  quantity  of  sand  interposed  between  its  tIon* 
particles.   Though  the  quantity  of  sand,  in  many  cases, 
far  exceeds  the  lime, calcareous  sandstones  are  sometimes 
found  crystallized:  and,  in  some  cases,  the  crystals,  as 
might  be  expected,  have  some  of  the  forms  which  distin- 
guish carbonat  of  lime.   Thus  the  calcareous  sandstone 
of  Fountainbieau  is  crystallized  in  rhomboidal  tables. 
It  contains,  according  to  the  analysis  of  Lassone, 
62.5  siliceous  sand 
37.5  carbonat  of  lime 

100.3 

Calcareous  sandstones  have  commonly  an  earthy  ten-  Properties 
ture.    Their  furface  is  rough.    Their  hardness  from  6 
to  7.    Their  specific  gravity  about  2.-5  or  2.6.  Their 
colour  grey  •,  sometimes  yellowish  or  brown.  They  are 
sometimes  burned  for  lime. 

Sp.  2.    Aluminous  sandstones. 

The  basis  of  argillaceous  sandstones  is  alumina,  or 
rather  clay.  Their  structure  is  often  slaty.  Their  tex- 
ture is  compact,  and  either  fine  or  coarse  grained,  ac- 
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Class!,  cording  to  the  size  of  the  sand  of  which  they  are  chief- 
■  ly  composed.    Their  hadness  is  from  6  to  8,  or  even  9. 

Their  colour  is  usually  grey,  yellow,  or  brown. 

They  are  often  formed  into  mill-stones,  filtering- 
stones,  and  coarse  whet-stones. 

Sp.  3.    Siliceous  sandstones. 

Siliceous  sandstones  consist  of  grains  of  sand  cement- 
ed together  by  silica,  or  some  substance  which  consists 
chiefly  of  silica  or  flint.  They  are  much  harder  than 
any  of  the  other  species. 

Sometimes  stones  occur,  consisting  of  grains  of  lime 
cemented  together  with  silica.  These  stones  are  also 
denominated  siliceous  sandstones. 

4.    Ferruginous  sandstones. 

The  iron  which  acts  as  a  cement  in  ferruginous  sand- 
stones is  not  far  from  a  metallic  state.  When  iron  is 
completely  oxidated,  it  loses  the  property  of  acting  as 
a  cement.  This  is  the  reason  that  ferruginous  sand- 
stones, when  exposed  to  the  air,  almost  always  crumble 
into  powder. 

The  colour  of  ferruginous  sandstones  is  usually  dark, 
red,  yellow,  or  brown.  The  grains  of  sand  which  com- 
pose them  are  often  pretty  large.  Their  hardness  is 
commonly  inconsiderable. 

GenusII.    Pudding  Stone. 

Component      Pebbles  of  quartz,  flint,  or  other  similar  stones  of  a 
parts*         round  or  eliptical  form,  from  the  size  of  rape  seed  to 
that  of  an  egg,  cemented  together  by  a  siliceous  ce- 
ment, often  mixed  with  iron,  have  been  denominated 
pudding  stones. 

Properties,       Pudding  stones,  of  course,  are  not  inferior  in  hard- 
ness to  quartz,  flint,  chalcedony,  &c.  of  which  the  peb- 
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bles  may  consist.  The  colour  of  the  cement  is  usually  Genus  nr. 
yellow,  brown,  or  red.    Its  Fracture  is  conchoidal.  enusiv.^ 

The  finer  sorts  of  pudding  stones  are  capable  of  a  fine 
polish ;  the  coarse  are  used  for  mill-stones. 

Genus  III.  Amygdaloid. 
Rounded  or  elliptical  masses  of  chalcedony,  zeolite,  Component 
limestone,  htnomarga,  steatites,  green  earth,  garnets, 
hornblend,  or  opal,  cemented  together  by  a  basis  of  in- 
durated clay,  trap,  mullen,  walken  or  kragg,  constitute 
an  amygdaloid. 

Aniygdaloids  are  opaque.    They  have  no  lustre.  Properties. 
Their  fracture  is  uneven  or  conchoidal.    Hardness  6  to 
9.    Their  colours  are  as  various  as  the,  ingredients  of 
which  they  are  composed. 

Genus  IV.  Breccia. 

Angular  fragments  of  the  same  species  of  stone  agglu- 
tinated together,  constitute  a  breccia.  Thus  calcareous 
breccia  consists  of  fragments  of  marble  cemented  toge- 
ther by  means  of  lime. 


SECT.  III. 


AGGREGATES  OF  CRYSTALS. 


The  minerals  belonging  to  this  Section  consist  either 
of  crystals  of  different  kinds  cemented  together,  or  of 
crystals  and  amorphous  stones  cemented  together. 


AGGREGATES. 

They  may  be  reduced  under  the  following  genera. 

1.  Granite, 

2.  Sienite, 

3.  Granatine, 

4.  Granitell, 

5.  Granilite, 

6.  Trap, 

7.  Porphyry. 

Genus  I.  Granite. 

Compoii-  An  aggregate  of  felspar,  quartz,  and  mica,  what- 
ever  be  the  size  or  the  figure  of  the  ingredients,  is  de- 
nominated granite.  This  aggregate  may  be  divided 
into  two  species,  namely,  common  granite,  and  shistose 
granite  or  gneiss. 

Sp,  1.    Common  granite. 

Its  structure  is  always  granular.  The  felspar  is  often 
amorphous,  and  constitutes  most  frequently  the  greatest 
part  of  the  aggregate. 

Common  granites  differ  much  in  their  appearance,  ac- 
cording to  the  size,  proportion,  colour,  and  figure  of 
their  component  parts.  They  are  commonly  very  hard  : 
Their  specific  gravity  varies  from  2.5388  to  2.9564. 
Sp.  2.    Shistose  granite  or  gneiss. 

The  structure  of  gneiss  is  always  slaty,  and  this  con- 
stitutes its  specific  character.  In  gneiss,  the  proportion 
of  quartz  and  felspar  is  nearly  equal :  the  proportion 
of  mica  is  smallest.  It  is  evidently  subject  to  the  same 
varieties  with  common  granite. 

Genus  II.  Sienite. 


Class  T. 
Order  1IL 
w— v  ' 


Composi- 
tion. 


Mr  Werner  has  given  the  name  of  sienite  to  aggre- 
gates composed  of  felspar,  hornblende,  and  quartz  ;  or 
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of  felspar,  hornblende,  quartz,  and  mica.   These  aggre-  Genus  HI. 

Genus  IV. 

gates  were  formerly  confounded  with  granite.  u— y— j 

Sienite  is  found  both  of  a  granular  and  slaty  struc- 
ture :  it  might,  therefore,  like  granite,  be  divided  into 
two  species.  In  sienite  the  quartz  is  commonly  in  by 
far  the  smallest  proportion. 


Genus  III.  Granatine. 
Mr  Kirwan  has  applied  the  name  granatine  to  the 
following  aggregrates. 


Quartz 
Felspar 
Shorl 

Quartz 
Mica 
Garnet 

Quartz 
Hornblende 
Jade 

Felspar 
Mica 
Shorl 

Quartz 
Felspar 
Jade 

Quartz 
Shorl 
Hornblende 

Quartz 
Hornblende 
Garnet 

Felspar 
Mica 
Hornblende 

Quartz 
Felspar 
Garnet 

Quartz 
Shorl 
Jade 

Quartz 

Jade 
Garnet 

Felspar 
Quartz 
Serpentine 

Quartz 
Mica 
Shorl 

Quartz 
Shorl 
Garnet 

Quartz 
Hornblende 
Hornstone 

Felspar 
Quartz 
Steatites 

Quartz 
Mica 
Jade 

Composi- 
tion. 


One  of  these  aggregates,  namely,  quartz,  mica,  gar- 
net, was  called  by  Cronstedt,  notka  or  murksten. 


Genus  IV.  Granitell. 
Mr  Kirwan  gives  the  name  of  granitell  to  all  aggre- 
gates composed  of  any  two  of  the  following  ingredi- 
ents :  quartz,  felspar,  mica,  shorl,  hornblende,  jade, 
garnet,  steatites.    The  most  remarkable  of  these  are ; 
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Class  I. 
Order  Ml. 

I  v  1 

Composi- 
tion. 


Quartz 
Felspar 

Quartz 
Hornblende 

Quartz 
Steatites 

Felspar 
Hornblende 

Quartz 
Mica 

Quartz 
Jade 

Felspar 
Mica 

Felspar 
Jade 

Quartz 
Shorl 

Quartz 
Garnet 

Felspar 
Shorl 

Felspar 
Garnet 

Mica 
Shorl 

Mica 
Jade 

Hornblende 
Jade 

Jade 
Garnet 

Mica 
Hornblende 

Mica 
Garnet 

Hornblende 
Garnet 

Steatites 
Shorl 

Some  of  these  aggregates  have  recived  particular 
names.  The  aggregate  of  quartz  and  mica,  when  its 
structure  is  slaty,  is  called  by  Werner  shistose  mica;  by 
the  Swedes,  it  is  denominated  stellsten,  whatever  be  its 
structure. 

The  aggregate  of  hornblende  and  mica  is  called  grun- 
stein,  from  the  dark  green  colour  which  it  usually  has. 

Genus  V.  Granilite. 

Under  the  name  of  granilite,  Mr  Kir  wan  compre- 
hends all  aggregates  containing  more  than  three  ingredi- 
ents. Of  these  the  following  are  the  most  remarkable. 


Composi- 
tion. 


Quartz 
Felspar 
Mica 
Shorl 

Quartz 
Mica 
Shorl 

Garnet 

Quartz 
Sulph.  of  barytes 
Mica 
Shorl 

Quartz 
Felspar 

Mica 
Steatites 

Quartz 
Felspar 
Mica 
Garnet 

Quartz 
Sulph.  of  barytes 
Mica 
Hornblende 

TRAP. 


57 


Genus  VI.    Trap  *.  s^dc^i!" 

Under  this  genus  \Ve  class  not  only  what  has  com- 
monly been  called  trap,  but  also  wacken,  and  mullen, 
and  kragstone  of  Kirwan. 

Sp.  i.   Common  trap. 

This  stone  is  very  common  in  Scotland,  and  is  known 
by  the  name  of  xohinstone.  Whole  hills  are  formed  of 
it  :  and  it  occurs  very  frequently  in  large  rounded  de- 
tached fragments.  Sometimes  it  assumes  the  form  of 
immense  columns,  and  is  then  called  basalt.  The  Giants 
Causeway  in  Ireland,  the  island  of  StafFa,  and  the  south 
side  of  Arthur's  Seat  in  Scotland,  are  well  known  in- 
stances of  this  figure. 

Its  texture  is  earthy  or  compact.  Its  fracture  un-  Properties* 
even.  Its  lustre  commonly  o.  Opaque.  Hardness  8 
to  9.  Not  brittle.  Specific  gravity  from  2.78  to 
3.021  f.  Colour  black,  with  a  shade  of  grey,  blue,  or 
purple;  sometimes  blackish  or  reddish  brown;  in  some 
cases  greenish  grey.  By  exposure  to  the  atmosphere, 
it  often  becomes  invested  with  a  brownish  rind.  Before 
the  blow-pipe  it  melts  per  se  into  a  more  or  less  black 
glass. 

Trap  consists  of  small  crystals  of  hornblende,  felspar, 
olivine,  &c  usually  set  in  a  ground  composed  apparent- 
ly of  clay  and  oxide  of  iron.    A  specimen,  in  the  form 


*  Kirwan,  L  431.  and  431. — Faujas  de  St  Fond.  Essai  sur  VWst.  Nat. 
Jet  Recbti  de  Trap.— Phil,  trans,  passim.— See  also  a  very  ingenious 
set  of  experiments  dn  the  fusion  of  trap,  by  Sir  James  Hall  in  Trans. 
Ed  in.  v.  43. 

f  Kirwan. 

Vol.  IV.  B 
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of  basal tes,  from  Stafla,  analysed  by  Dr  Kennedy  of  E- 
dinburgh,  contained  48  silica 

16  alumina 
16  oxide  of  iron 
9  lime 
5  moisture 
4  soda 

1  muriatic  acid 
99* 

A  specimen  from  Salisbury  rock,  near  Edinburgh, 
contained,  according  to  the  analysis  of  the  same  gentle- 
man  46.0  silica 

19.0  alumina 
17.0  oxide  of  iron 
8.0  lime 
4.0  moisture 
3.5  soda 

1.0  muriatic  acid 
98.5*  ' 

Dr  Kennedy  conducted  these  analyses  with  great  in- 
genuity and  judgment  j  and  the  discovery  in  which  they 
terminated,  that  trap  contains  soda,  is  certainly  of  im- 
portance, and  may  lead  to  valuable  consequences  both 
in  a  geological,  and  mineralogical  view. 

Sp.  2.    Wacken  f. 
This  stone  often  forms  considerable  parts  of  hills,  and, 

Dcscrip-  like  trap,  is  amorphous.  Its  texture  is  earth  v.  Its 
tion, 

iracttjre  usually  even.    Lustre  o.   Opaque.  Hardness 


Class  r. 
Order  III. 

«  ,  

Composi. 
•ton. 


*  F.Jin.  Trans,  v.  89. 
\  Kirwan,  i.  323. 


t  Ibid.  p.  90. 
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6  to  9.    Specific  gravity  from  2.535  to  2.893*.  GenysVI- 
lour  grey,  with  a  shade  of  green,  black,  red,  brown. 
When  exposed  to  the  atmosphere,  it  withers  and  be- 
comes more  grey. 

It  melts  into  a  grey  porous  slag. 

Sp.  3.   Mullen  f. 

This  stone  is  also  found  in  considerable  masses,  and  Descrip- 
sometimes  has  a  tendency  to  a  columnar  form  like  ba-  tlon* 
salt.  Texture  earthy.  Fracture  uneven,  and  fine  splin- 
tery. Lustre  o,  except  from  some  shining  particles  of 
basaltine.  Opaque.  Hardness  from  7  to  9.  Specific 
gravity  from  2.6  to  2.738.  Colour  ash  or  bluish  grey; 
sometimes  mixed  with  ochre  yellow,  in  consequence  of 
the  decomposition  of  the  stone.  At  1300  Wedgewood  it 
melts  into  a  black  compact  glass. 

When  mullen  is  exposed  to  the  air,  its  surface  be- 
comes covered  with  a  greyish  white  rind,  sometimes 
slightly  ochry. 

Sp.  4.  Kragstone  %. 
This  stone,  which,  like  the  others,  forms  considerable 
parts  of  rocks,  was  formed  into  a  distinct  species  by 
Mr  Kirwan.  Its  texture  is  earthy.  It  is  exceedingly 
porous,  and  the  pores  are  often  filled  with  the  crystals 
of  other  minerals.  Fracture  uneven.  Lustre  0.  O- 
paque.  Hardness  5  to  7.  Specific  gravity  2.314.  Feels 
rough  and  harsh.  Colour  reddish  grey.  Streak  yel- 
lowish grey.  At  1380  Wedgewood  it  melts  into  a  red- 
dish browo  porcelain  mass. 

Genus  VII.  Porphyry. 
Any  stone  which  contains  scattered  crystals  or  grains 


*  Kirwan.  \  Kirwan,  i.  225.  \  Ibid.  p.  226. 
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Class  r.     Gf  fclSpar,  visible  to  the  naked  eye,  is  denominated  a 

Order  III.  L     '  J  . 

1  vr— ^  porphyry     Besides  felspar,  porphyries  generally  con- 

parts.P°nent  tam  small  crystals  of  quartz,  hornblende,  and  mica. 

These  crystals  are  usually  of  a  different  colour  from  the 
stone  in  which  they  are  found,  and  they  are  stuck  in  it 
as  in  a  cement.  It  is  evident  from  this  definition,  that 
the  number  of  porphyries  must  be  great.  Each  spe- 
cies receives  its  name  from  the  stone  which  forms  its  ba- 
sis. To  describe  them  would  be  unnecessary.  I  shall 
only  give  a  catalogue  of  the  principal  species. 

Species.      lm  Hornstone  porphyry,  8.  Wacken  porphyry, 

2.  Pitchstone  porphyry,  9.  Mullen  porphyry, 

3.  Hornslate  porphyry,  10.  Krag  porphyry, 

4.  Felspar  or  petunse  porph.  11.  Argillitic  porphyry, 

5.  Clay  porphyry,  12.  Potstone  porphyry, 

6.  Hornblende  porphyry,  13.  Serpentine  porphyry, 

7.  Trap  porphyry,  14.  Sandstone  porphyry. 


SECT.  IV. 
Volcanic  aggregates  *. 

Aggregates  formed  by  volcanoes  may  be  reduced  to 
the  following  genera: 

1.  Laya,  3.  Pumice, 

2.  Puzzolana,  4.  Ashes. 


*  Dolomieu  has  published  a  complete  list  of  all  the  substances  which 
have  been  hitherto  observed  to  constitute  a  part  of  the  matter  emitted  by 
burning  mountains.   Sec  Jour,  de  Plyt.  xliv.  102. 


4 


LAVA.  21 

Genus.  I.    Lava.  Genus i. 

All  substances  which  have  issued  out  of  a  volcano  in  '— U_ 
a  state  of  fusion  are  called  lavas.    They  have  been  di- 
vided into  three  species. 

Sp.  i.    Vitreous  lava. 

Found  in  small  pieces.  Texture  glossy.  Fracture 
conchoidal.  Lustre  3.  Transparency  from  3  to  1. 
Hardness  9  to  10.  Specific  gravity  from  2  to  3.  Co- 
lour blackish,  greenish,  or  whitish.  Commonly  some- 
what porous. 

Sp.  2.  Cellular  lava. 
This  species  is  full  of  cells.  Surface  rough  and  full 
of  cavities.  Texture  earthy.  Lustre  o.  Opaque. 
Hardness  7  to  9.  Specific  gravity  varies,  but  does  not 
exceed  2.8.  Colour  brown  or  greyish  black.  Common- 
ly somewhat  magnetic. 

Sp.        Compact  lava. 
This  species  is  the  most  common  of  all ;  it  runs  into 
the  second  by  insensible  degrees.;  and  indeed  is  seldom 
found  of  any  considerable  size  without  some  pores.  It 
bears  in  general  a  very  strong  resemblance  to  trap. 

A  specimen  of  the  lava  of  Catania  in  Sicily,  analysed  ComposK 
by  Dr  Kennedy,  contained  tl0n* 

51.0  silica 
19.0  alumina 
14.5  oxide  of  iron 
9.5  lime 
4.0  soda 

1.0  muriatic  acid 


99.0* 


*  x  1  ans.  tidin.  V.  93, 
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Class  I.         A  specimen  of  the  lava  of  Sta.  Venere  in  Sicily  he 
Order  III.  .... 
^— v  <  found  to  contain  .  .  50.75  silica 

17.50  alumina 

14.25  oxide  of  iron 

10.00  lime 

4. co  soda 

I. co  muriatic  acid 

97-5  * 

Thus  we  see  that  the  resemblance  betwee  trap  and 
lava  holds  not  only  in  their  external  appearance,  but  al- 
so in  their  component  parts. 

Genus  II.  Puzzolana. 

Found  in  small  pieces.  Surface  rough.  Texture 
earthy  and  porous.  Fracture  uneven.  Lustre  o.  O- 
paque.  Hardness  3.  Very  brittle.  Specific  gravity 
from  2.57  to  2.8.  Colour  brown  or  dark  grey.  Mag- 
netic.   Easily  melts  into  a  black  slag. 

When  mixed  with  lime  into  a  mortar,  it  possesses  the 
property  of  hardening  even  under  water.  This  proper- 
ty it  owes  most  probably,  as  Mr  Kirwan  supposes,  to 
the  iron  which  it  contains.  The  iron  decomposes  the 
water  of  the  mortar ;  and  thus,  in  a  very  short  time, 
renders  it  too  hard  to  be  acted  on  by  water. 

Genus  III.  Pumice. 

This  is  a  very  light  substance  ejected  from  volcanoes. 
It  is  porcus.  Hardness  3.  Brittle.  Specific  gravity 
below  1.    Colour  grey  or  brown. 

In  some  varieties  the  lustre  and  transparency  are  o  : 
in  others,  the  lustre  is  glassy,  2.  Transparency  from  I 
to  2. 


*  Edi/t,  Trans*  v.  94. 
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Genus  IV.    Volcanic  Ashes. 

These  are  analogous  to  the  ashes  of  common  pitcoal. 
Loose  and  smooth,  very  light,  and  fine.  Slowly  diffu- 
sible in  water,  and  when  wet  somewhat  ductile. 


APPENDIX. 

OF  MOUNTAINS. 

The  mountains,  which  constitute  so  conspicuous  a 
part  of  the  earth's  surface,  are  chiefly  composed  of  the 
aggregates  which  have  been  just  described. 

Mountains,  by  Werner  and  his  disciples,  are  divided 
into  four  classes  ;  namely, 

1.  Primitive,  3.  Secondary, 

2.  Intermediate,  4.  Tertiary. 

To  which  may  be  added  volcanic  mountains  as  a  fifth 
class. 

I.  Primitive  mountains  are  composed  of  the  follow- 
ing substances  : 

1 Granite,  7.  Porphyry, 

2.  Gneiss,  8.  Sienite, 

3.  Micaceous  shistus,         9.  Serpentine, 

4.  Argillaceous  shistus,     10.  Topaz  rock, 

5.  Primitive  limestone,      11.  Quartz, 

6.  Trap,  12.  Siliceous  shistus. 

II.  Intermediate  mountains  are  composed  of, 

1.  Limestone,  3.  Amygdaloid, 

2.  Trap,  4-  Wacken. 
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Class  I.         HI.  Secondary  mountains  are  composed  of 
Order  III.  *  \ ■  ■  .. 

1.  Sandstone,  6.  Common  salt, 

2.  Limestone,  7-  Argillaceous  iron  stone  and 

3.  Gypsum,  calamine, 

4.  Chalk,  8.  Trap. 

5.  Coal, 

Under  the  name  of  trap  Werner  includes,  I.  Wacken ; 
2.  Basalt;  3.  Shistose  porphyry;  4.  Granite;  5.  Amyg- 
daloid; 6.  Grausten;  7.  Argillaceous  tufa  or  decom- 
posed wacken. 

IV.  Tertiary  mountains  are  composed  of 

1.  Sand  and  pebbles, 

2.  Clays  and  mud, 

3.  Bituminous  tufa.  ■ 


SALTS. 
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Claa  If. 


CLASS  II. 
SALTS, 


Under  this  Class  I  comprehend  all  the  combinations 
of  alkalies  with  acids  which  exist  in  the  mineral  king- 
dom. They  constitute  the  following  genera  and  spe- 
cies. 

Genus  I.  Potass.  Division. 

Sp.  1.  Salphat  of  potass, 
2.  Nitrat  of  potass. 
Genus  II.  Soda. 

Sp.  I.  Carbonat  of  soda, 

2.  Sulphat  of  soda, 

3.  Muriat  of  soda, 

4.  Borax. 
Genus  III.  Ammonia. 

Sp.  1 .  Sulphat  of  ammonia, 
2.  Muriat  of  ammonia. 
But  of  these  species  there  are  scarcely  more  than  two 
which  properly  belong  to  the  mineral  kingdom  ;  name- 
ly, carbonat  of  soda,  and  common,  salt.  The  rest:  arc  al- 
most always  in  a  state  of  solution,  and  therefore  belong 
to  mineral  waters. 

I.  Carbonat  of  soda  is  deposited  in  large  masses  in  ^ar^at 
different  countries  under  the  surface  of  the  earth,  and  is 
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Claw  II. 


Common 
aalt. 


Varieties. 


usually  mixed  with  common  salt,  and  probably  also 
with  lime.  It' has  often  the  appearance  of  a  rough 
dusty  powder,  of  a  grey  colour  and  alkaline  taste.  It 
occurs  in  China,  where  it  is  called  kien;  near  Tripoli, 
where  it  is  denominated  trona;  and  likewise  in  Hun- 
gary, Syria,  Egypt,  Persia,  and  India*. 

II.  Common  salt  is  found  in  immense  masses  under 
the  earth's  surface  in  many  countries,  particularly  in 
Poland,  Hungary,  England,  &c.  Near  Cordova  in 
Spain  there  is  said  to  be  a  mountain  of  common  salt 
500  feet  high,  and  nearly  three  miles  in  circumference. 
There  are  two  varieties  of  native  common  salt  distin- 
guished by  their  texture. 

1.  Foliated.  This  variety  is  usually  found  in  vast 
masses,  and  sometimes  crystallized  in  cubes.  Colour 
various  shades  of  grey  and  of  red.  Internal  lustre  glas- 
sy, 2  to  3.  Transparency  2  to  4.  Texture  foliated. 
Fragments  cubic.  Streak  grey.  Hardness  4  to  5,  some- 
times 8.    Specific  gravity  2.143.    Taste  salt. 

2.  Fibrous.  Found  in  masses,  strata,  or  stalactitic. 
Colour  various  shades  of  grey,  blue,  red.  Lustre  2. 
Transparency  3  to  4.  Texture  fibrous  :  fibres  delicate- 
ly curved.    Fragments  angular.    Hardness  5f. 

For  a  more  complete  description  of  these,  and  the  re- 
maining species  belonging  to  this  Class,  the  reader  is 
referred  to  Book  II.  Division  II.  Chap.  III.  of  this 
Work. 


*  Kirwan's  Min.  ii.  6. 


f  Ibid.  p.  31. 
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Genus  I. 
Specie*  L 
«  y  I 


CLASS  III. 
COMBUSTIBLES. 


Th  E  combustible  substances  belonging  to  the  mineral 
kingdom,  excluding  the  metals,  may  be  comprehended 
under  the  following  genera. 

1.  Sulphur,  4.  Coal,  Genera. 

2.  Carbon,  5.  Amber. 

3.  Bitumen, 

Genus  I.  Sulphur. 

Sp.  I,  Native  sulphur. 
This  substance  is  found  abundantly  in  many  parts  of 
the  world,  especially  near  volcanoes,  as  Hecla,  .iEtna, 
Vesuvius,  the  Lipari  islands,  &c.  It  is  either  in  the 
state  of  powder,  or  massive,  or  crystallized.  The  pri- 
mitive form  of  its  crystals  is  an  octahedron,  composed  Crystals, 
of  two  four-sided  pyramids,  joined  base  to  base.  The 
sides  of  these  pyramids  are  scalene  triangles,  and  so  in- 
clined that  the  plane  where  the  bases  of  the  pyramids 
join  is  a  rhomb,  whose  long  diagonal  is  to  its  short  as 
5  to  4  *.  Sometimes  the  apices  of  the  pyramids,  to 
use  the  language  of  Rome  de  Lisle,  are  truncated  ;  some- 


*  Rome  de  Lisle,  i.  292. — Hauy  and  Lefroy,  Jour,  de  Min.  Naxxix.  337. 
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cla5S  In-    times  they  are  separated  from  each  other  by  a  prism  ; 

sometimes  they  are  truncated  near  their  bases,  and  a 
low  four-sided  pyramid  rises  from  the  truncature  :  this 
pyramid  is  also  sometimes  truncated  near  its  apex.  Fi- 
nally, one  of  the  edges  of  the  pyramids  is  sometimes 
truncated.  For  figures  of  these  varieties,  and  for  the 
laws  of  their  formation,  the  reader  is  referred  to  Mr 
Lefroy  *. 

properties.  Colour  yellow,  with  a  shade  of  green  ;  sometimes 
reddish  f.  Lustre  greasy,  2.  Transparency  varies 
from  o  to  4.  Causes  double  refraction  J.  Texture 
compact.  Hardness  4  to  5.  Brittle.  Its  other  pro- 
perties have  been  formerly  detailed. 

Sometimes  sulphur  is  mixed  with  different  propor- 
tions of  earths.  These  combinations  are  hardly  sus- 
ceptible of  accurate  description. 

Sulphur  combines  also  with  metals.  These  combi- 
nations shall  be  described  in  the  Fourth  Class. 

Genus  II.  Carbon. 

This  genus  comprehends  all  minerals  composed  of 
pure  carbon,  or  of  carbon  combined  with  a  little  earth. 
Sp*  1.  Diamond. 

This  mineral,  which  was  well  known  to  the  ancients, 
is  found  in  different  parts  of  Asia,  particularly  in  the 
kingdoms  of  Golconda  and  Visapour ;  it  is  found  also 
in  Brazil. 

Crystals.  It  is  always  crystallized  ;  but  sometimes  so  imper- 
fectly, that  at  the  first  sight  it  might  pass  for  amor- 
phous.   Its  primitive  form  is  a  regular  octagon ;  but 


*  Jour,  de  Nlin.  No.  zxix.  337. 
\  It  then  contains  arsenic. 


%  Hauy. 


DIAMOND. 


2() 


it  more  commonly  assumes  a  spheroidal  form;  and  then    Genus  II. 
has  usually  36  curvilinear  triangular  faces,  six  of  which  ,  sPeciCB  *• < 
are  raised  upon  each  of  the  faces  of  the  primitive  octa- 
gon.   Its  integrant  molecule,  according  to  Hauy,  is  a 

regular  tetrahedron  For  a  more  particular  account  of 

the  crystals  of  this  mineral,  fhp  reader  is  referred  to 
Rome  De  Lisle*  and  Mr  Hauyf . 

Texture  foliated.    Lustre  4.    Transparency  from  2  Properties, 
to  4.    Causes  single  refraction.    Hardness  20.  Speci- 
fic gravity  3.5185  to  3.5310;):.  Colour  various;  some- 
times limpid,  sometimes  red,  orange,  yellow,  green, 
blue,  and  even  blackish. 

When  rubbed  it  becomes  positively  electric,  even  be- 
fore it  lias  been  cut  by  the  lapidary,  which  is  not  the 
case  with  any  other  gem  §. 

It  is  composed  of  pure  carbon  ||. 

Sp.  2.    Mineral  charcoal. 
Kilkenny  coal — Wales  culm. 

This  mineral  has  been  found  in  Hungary,  Italy, 
France,  Ireland,  and  Wales.  It  occurs  in  stratified 
masses,  or  in  lumps  nested  in  clay. 

Colour  black.  Lustre  4,  metallic.  Opaque.  Tex-  Properties, 
tuae  foliated.  Hardness  5  to  7.  Specific  gravity  1.4 
to  1.526.  Often  stains  the  fingers.  Insoluble  in  acids. 
Deflagrates  with  nitre.  Does  not  burn  till  wholly  ig- 
nited, and  then  consumes  slowly  without  emitting  flame 
or  smoke. 

It  consists  almost  entirely  of  charcoal,  which,  as  Mor- 
veau  has  proved,  is  an  oxide  of  carbon 


*  Crystallog.  ii.  191.  f  Jeur-  de  Mtn'  No-  xxIx-  343- 

%  Hauy,  Ibid.  §  Ibid. 

K  Morveau,  Ann.  de  Cb:m.  xxsi  J  2.  1  Ibid. 
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ciawitt  Sp.  3.  Anthracite*. 

Anthracolite  of  Born. 
This  substance,  as  Dolomieu  informs  us,  is  found  ex- 
clusively in  the  primitive  mountains.  It  is  commonly 
amorphous,  sometimes  crystallized  in  short  hexagonal 
prisms.  Colour  black  or  brownish  black.  Lustre  3 
to  4.  Structure  slaty.  Fragments  rhomboidal.  Hard- 
ness 6  to  7.  Specific  gravity  1.300.  Often  stains  the 
fingers. 

Burns  precisely  like  the  last  species,  and  leaves  .40  of 
white  ashes.    According  to  Dolomieu,  it  is  composed 

of  about  64.0  charcoal 

32.5  silica 
3.5  iron 


100. of 

It  is  probable  that  the  charcoal  in  the  two  last  sub- 
1  stances  is  in  the  same  state  in  which  it  exists  in  plum- 
bago, combined  with  oxygen,  but  not  containing  so 
much  as  charcoal  does  %. 

Genus  III.  Bitumen. 

By  bitumen  is  understood,  by  mineralogists  in  gene- 
ral, an  oil  which  is  found  in  different  parts  of  the  earth 
in  various  states  of  consistence.  These  different  states 
form  distinct  species  ;  in  the  arrangement  of  which  I 
shall  be  guided  by  the  observations' which  Mr  Hatchett 
has  made  in  his  valuable  paper  on  bituminous  sub- 
stances \. 


*  This  name  was  given  by  Hauy  from  ay9/>a£,  a  coal.   See  Delame- 
therie,  Jour,  de  P'ys.  xlvi.  50. 
f  Jour,  de  Min.  xxh.  338.  }  Morveau,  Ibid. 

§  Nicholson's  Journal,  ii.  aoi,  248. 


NAPHTHA — PETROLEUM.  r»i 

Sp.  I.     Naphtha.  Genus  III. 

This  substance  is  found  sometimes  on  the  surface  of 
the  water  of  springs,  and  sometimes  issuing  from  certain 
strata.    It  is  found  in  great  abundance  in  Persia. 

It  is  as  fluid  and  transparent  as  water.  Colour  white  Properties, 
or  yellowish  white.  Smell  strong,  but  not  disagreeable. 
Specific  gravity  when  white,  .708*  or. 729-]-;  when 
yellowish,  .8475  Feels  greasy.  Catches  fire  on  the 
approach  of  flame,  burns  with  a  white  flame,  and  leaves 
scarce  any  residuum. 

Insoluble  in  alcohol.    Does  not  freeze  at  o°  Fahren- 
heit.   When  pure  naphtha  is  exposed  to  the  air,  it  be- 
comes yellow  and  then  brown  ;  its  consistence  is  in- 
creased, and  it  passes  into  petroleum^ 
Sp.  2.  Petroleum. 

This  substance  is  also  found  in  Persia,  and  likewise  in  Where 

found. 

many  countries  in  Europe,  particularly  Italy,  France, 
Switzerland,  Germany,  Sweden,  England,  and  Scot- 
land. 

Not  so  fluid  nor  transparent  as  water.  Colour  yel-  Properties, 
low,  either  pale  or  with  a  shade  of  red  or  green  ;  red- 
dish brown  and  reddish  black.  Smell  that  of  naphtha, 
but  less  pleasant.  .Specific  gravity  .8783 1|.  When 
burned  it  yields  a  soot,  and  leaves  a  small  quantity  of 
coally  residuum. 

By  exposure  to  the  air  it  becomes  like  tar,  and  is 
then  called  mineral  tar  ^f. 

Sp.  3.    Mineral  tar. 

This  substance  is  found  in  many  parts  of  Asia,  Ame- 
rica, and  Europe.    It  is  viscid,  and  of  a  black,  brown- 


*  Mussenbroek.         f  Boulduc.  t  Brisson.  §  Hatchett, 

I  Brisson.  J  Hatchett.,  Nicholson's  Journal  201,  248. 
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Class  ill.  ish  black,  or  reddish  colour.  Smell  sometimes  strong, 
but  often  faint.  Specific  gravity  1.1.  When  burned, 
emits  a  disagreeable  bituminous  smell.  By  exposure  to 
the  air  it  passes  into  mineral  pitch  and  maltha  *. 
Sp.  4.  Mineral  pitch  and  maltha. 
Properties.  This  substance  has  a  strong  resemblance  to  common 
pitch.  "When  the  weather  is  warm  it  is  soft,  and  has 
some  tenacity  ;  it  is  then  called  adhesive  mineral  pitch  : 
when  the  weather  is  cold  it  is  brittle ;  its  hardness  is  5; 
and  its  fracture  has  a  glassy  lustre.  In  this  state  it  is 
called  maltha.  Colour  black,  dark  brown,  or  reddish. 
Lustre  o.  Opaque.  Specific  gravity  from  1.45  to  2.07. 
Does  not  stain  the  fingers.  On  a  white  hot  iron  it  flames 
with  a  strong  smell,  and  leaves  a  quantity  of  grey  ashes. 
It  is  to  the  presence  of  the  earths  which  compose  these 
ashes  that  the  great  specific  gravity  of  this  bitumen  is 
to  be  ascribed.  By  farther  induration  it  passes  into  as- 
phalt. 

Sp.  5.  Asphalt. 
This  substance  is  found  abundantly  in  many  part  of 
Europe,  Asia,  and  America,  especially  in  the  island  of 
Trinidad. 

Properties.       Colour  black  or  brownish  black.    Lustre  greasy  2. 

Opaque.  Fracture  conchoidal,  of  a  glassy  lustre.  Hard- 
ness from  7  to  8.  Very  brittle.  Specific  gravity  1.07  to 
1.165-f-.  Feels  smooth,  but  not  greasy.  Does  not  stain  the 
fingers.  Has  little  or  no  smell,  unless  when  rubbed  or 
heated.  When  heated,  melts,  smells,  and  inflames;  and 
when  pure,  burns  without  leaving  any  ashes. 

Asphalt  is  manufactured  in  France,  and  used  for 
greasing  the  wheels  of  carriages  %. 


*  Hatchctt,  Nicholson  s  Journal,  ii.  joi,  248.  f  Kirwan. 

\  Jour,  de  Min„  No.  xiii.  33. 
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„     ,  .    ,  .  Genus  nr. 

Sp.  6.     Elastic  bitumen.  Species  VI. 

Mineral  caoutchouc. 

This  substance  was  found  about  the  year  1786  in  the 
lead  mine  of  Odin,  near  Castletown,  Derbyshire.  It 
was  first  mentioned  by  Mr  De  Born. 

Colour  yellowish  or  reddish  brown,  sometimes  blacks  Properties, 
ish  brown.  In  its  appearance  it  has  a  strong  resem- 
blance to  caoutchouc  or  Indian  rubbery  hence  its  name. 
Consistency  various  :  sometimes  so  soft  as  to  adhere  to 
the  fingers  ;  sometimes  nearly  as  hard  as  asphalt.  When 
soft  it  is  elastic  ;  when  hard  brittle.  Specific  gravity 
c.9053  to  1.0233  *• 

Insoluble  in  alcohol,  ether,  and  oil  of  turpentine,  but 
soluble  in  oil  of  olives.  Not  affected  by  nitric  acid. 
"When  distilled  it  yields  a  bituminous  oil  insoluble  in 
alcohol ;  the  residuum  is  carbonaceous  f .  , 

There  is  a  variety  of  this  substance  found  in  a  rivu-  Variety, 
let  near  the  mine, of  Odin,  which,  when  fresh  cut,  ex- 
actly resembles  fine  cork  in  colour  and  texture  ;  but  in 
a  few  days  after  being  exposed  to  the  air,  becomes  of 
a  pale  reddish  brown.  This  substance  contains  within 
it  a  nucleus  of  elastic  bitumen.  It  seems  to  be  the 
elastic  bitumen  altered  in  its  texture  by  the  water  %. 

Genus  IV.  Coal. 

The  substances  belonging  to  this  genus  are  composed 
of  carbon  or  rather  charcoal,  and  bitumen. 


*  Hatchctt,  Nicholson's  Journal,  ii.  201.  248. 

f  Lamethcrie,  Jour,  de  PLys.  xxxi.  31a. 

I  Hatchctt,  Nicholson's  Journal,  ii.  201.  348. 

Vol.  IV.  C 
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Class  nr. 

<  u  ' 


Properties. 


Uses. 


Properties. 


S/>.  i.  Jet*. 

This  substance  is  found  in  France,  Spain,  Germany, 
Britain,  and  other  countries.  It  is  found  in  detached 
kidneyform  masses,  of  various  sizes,  from  an  inch  to 
seven  or  eight  feet  in  length. 

Colour  full  black.  Lustre  3  to  4  internal  glassy. 
Opaque.  Hardness  7  to  8.  Not  near  so  brittle  as  as- 
phalt. Texture  striated.  Fracture  conchoidal.  Specific 
gravity  1.259  f.  It  has  no  odour  except  when  heated, 
and  then  it  resembles  asphaltum  in  its  odour.  Melts  i 
a  strong  heat,  burns  with  a  greenish  flame,  and  leave 
an  earthy  residuum  J. 

Becomes  somewhat  electric  by  friction      When  di 
tilled  yields  a  peculiar  acid  ||. 

This  mineral  is  formed  into  buttons,  beads,  and  othe 
trinkets.  The  manufacture  has  been  almost  confine 
to  France  5f- 

Sf>.  2.    Cannel  coal. 
This  mineral  is  found  in  Lancashire,  and  in  difFere 
parts  of  Scotland,  where  it  is  known  by  the  name 
parrot  coal. 

Colour  black.   Lustre  common,  2.   Opaque.  Stru 
ture  sometimes  slaty.   Texture  compact..  Fracture  co 
choidal.    Hardness  5  to  8.    Brittle.    Specific  grav 
1.232  to  1.426.    Does  not  stain  the  fingers. 

Kindles  easily,  and  burns  with  a  bright  white  .fl-a 
like  a  candle  *  *,  which  lasts  but  a  short  time.  It  d 
not  cake.    It  leaves  a  stony  or  sooty  residuum. 


'"1 

h. 


*  It  was  called  gagatbes  by  the  ancients,  from  the  river  Gages  in ! 
near  which  it  was  found  j  jayel  in  French,  ozabache  in  Spanish,  gagal 

German. 

t  Brisson.  \  Hatchett.  §  Kirwan.  ||  VauqueliJ 

\  Jour.  Je  Min  No.  iv.  41. 

*  *  Hence  it  has  been  called  cannel  coal.    CanJ.'c,  in  the  Lanca1 
and  Scotch  dialect,  is  pronounced  cannel. 
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A  specimen  of  Lancashire  cannel  coal,  analysed  by  Genus  iv. 

T_.  ,  ,  .  Species  III. 

Mr  Kirwan,  contained  75.20  charcoal  <  ^r— J 

21.68  maltha  gjJP^ 
3.10  alumina  and  silica 


99.98  * 

A  specimen  of  the  slaty  kind  from  Airshire,  called 
sphnt  coaly  was  composed  of  47.62  charcoal  • 

32.52  maltha 
20. 00  earths 


100.14  f 

Cannel  coal  is  susceptible  of  polish,  and,  like  jet,  is 
often  wrought  into  trinkets. 

Sp.  3.    Common  coal. 

This  very  useful  combustible  is  never  found  in  the 
primitive  mountains,  but  only  in  the  secondary  moun- 
tains, or  in  plains  formed  of  the  same  materials  with 
them.  It  is  always  in  strata,  and  generally  alternates 
with  clay,  sandstone,  or  limestone. 

Colour  black,  more  or  less  perfect.  Lustre  usually  Properties 
greasy  or  metallic,  2  to  4.  Opaque.  Structure  gene- 
rally slaty.  Texture  often  foliated.  Fracture  various. 
Hardness  4  to  6.  Specific  gravity  1.25  to  1.37.  Usu- 
ally stains  the  fingers.  Takes  fire  more  slowly,  and 
burns  longer,  than  the  last  species.  Cakes  more  or  less 
during  combustion. 

Of  this  species  there  are  many  varieties,  distinguish-  Varieties, 
ed  in  Britain  by  the  names  of  caking  coal,  rock  coal, 
&c.    These  are  too  well  known  to  require  any  de- 
scription. 


*  Mineral,  ii.  523.  f  Ibid.  524. 
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Cku  III. 


Composi- 
tion. 


Properties 


Mr  Kirwan  analysed  a  variety  of  different  kinds  of 
coal.  The  result  of  his  experiments  may  be  seen  by  the 
following  tabic  : 


Whiteha- 
ven coal. 

Wigan. 

Swansey. 

Lcitrim. 

57-° 
4i-3 

6i-73 
36-7 
i-57 

73-53 
23.14 

3-33 

7'-43 

.  23-37 
5.20 

charcoal, 
maltha  &  asph. 
earths  *. 

IOO. o 

ioo.oo  1  ioo.oo 

100. CO 

Sp.  4.  Spurious  coal. 

This  mineral  is  generally  found  amidst  strata  of  ge 
nuine  coal.    It  is  also  called  parrot  coal  in  Scotland. 

Colour  greyish  black.  Lustre  o  to  1.  Structure  usual 
ly  slaty.  Texture  earthy.  Hardness  7  to  8.  Specifi 
gravity  1.5  to  1.6.  Generally  explodes,  and  bursts  whe 
heated. 

Composed  of  charcoal,  maltha,  and  asphalt,  and  abov 
.20  of  stony  matter. 

Genus  V.  Ameer. 
Sp.  1.    Common  amber. 

This  substance,  called  electrum  by  the  ancients,  i 
found  in  different  countries  but  most  abundantly  i 
Prussia,  either  on  the  sea-shore,  or  under  ground  at  th 
depth  of  about  too  feet,  reposing  on  wood  coal f.  J 
is  in  lumps  of  different  sizes. 

Colour  yellow.  Lustre  3  to  2.  Transparency  2  to 
Fracture  conchoidal.  Hardness  5  to  6.  Specific  gravi 
1.078  to  1.085.    Becomes  electric  by  friction. 

If  a  piece  of  amber  be  fixed  upon  the  point  of 
knife,  and  then  kindled,  it  burns  to  the  end  with 
melting  J. 

By  distillation  it  yields  succinic  acid. 


*  Mineral,  ii.  525. 


f  Kirwan,  Min.  ii.  66. 


J  Hauj- 
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CLASS  IV. 


METALLIC  ORES. 


This  class  comprehends  all  the  mineral  bodies,  com-    Class  IV. 
posed  either  entirely  of  metals,  or  of  which  metals  con-  '  * 
stitute  the  most  considerable  and  important  part.    It  is 
from  the  minerals  belonging  to  this  class  that  all  metals 
are  extracted  ;  for  this  reason  they  have  obtained  the 
name  of  ores. 

As  the  metals  at  present  known  amount  to  21,  I 
shall  divide  this  class  into  21  orders,  allotting  a  distinct 
order  for  the  ores  of  every  particular  metal. 

Metals  exist  in  ores  in  one  or  other  of  the  four  fol-  Metals 
lowing  states.    1.  In  a  metallic  state,,  and  either  soli-  four 'states, 
tary  or  combined  with  each  other.    2.  Combined  with 
sulphur.    3.  In  the  state  of  oxides.    4.  Combined  with 
acids.    Each  order  therefore  may  be  divided  into  the 
four  following  genera. 

x.  Alloys.  3.  Oxides. 

2.  Sulphurets.  4.  Salts. ' 

It  must  be  observed,  however,  that  every  metal  has 
not  hitherto  been  found  in  all  these  four  states,  and 
that  some  of  them  are  hardly  susceptible  of  them  all. 
Some  of  the  orders  therefore  want  one  or  more  genera, 
as  may  be  seen  from  the  following  Table. 

C3 
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METALLIC  ORES. 


,U™IV-,  Order  I.  Gold  ores. 

Table  of  the  j.  Alloys. 

orders  and     _  . 

genera.        URDER  II.  Platinum  ores. 

i.  Alloys. 

Order  III.  Silver  ores. 

1.  Alloys. 

2.  Sulphurets. 

3.  Oxides. 

4.  Salts. 

Order  IV.  Ores  of  mer- 
cury. 

1.  Alloys. 

2.  Sulphurets. 

3.  Oxides. 

4.  Salts. 
Order  V.  Copper  ores. 

1.  Alloys. 

2.  Sulphurets. 

3.  Oxides. 

4.  Salts. 
Order.  VI.  iiroa  ores. 

1.  Alloys. 

2.  Sulphurets. 

3.  Carburets. 

4.  Silicated  iron. 

5.  Oxides. 

6.  Salts. 
Order  VII.  Tin  ores. 

1.  Sulphurets. 

2.  Oxides. 
Order  VIII.  Lead  ores. 

x.  Sulphurets. 

2.  Oxides. 

3.  Salts. 


Order  IX.  Nickel  ores. 

1.  Sulphurets. 

2.  Oxides. 

3.  Salts. 
Order  X.  Zinc  ores. 

1.  Sulphurets. 

2.  Oxides. 

3.  Salts. 

Order  XI.  Antim.  ores. 

1.  Alloys. 

2.  Sulphurets. 

3.  Oxides. 

4.  Salts. 

Order  XII.  Bismuth  ores. 

1.  Alloys. 

2.  Sulphurets. 

3.  Oxides. 
Order  XIII.  Tellurium 

ores. 
1.  Alloys. 
Order  XIV.  Arstnlr 
ores. 

1.  Alloys. 

2.  Sulphurets. 

3.  Oxides. 
Order  XV.  Cobalt  ores. 

1.  Alloys. 

2.  Sulphurets. 

3.  Oxides. 

4.  Salts. 

Order  XVI.  Manganese 
ores. 

1.  Oxides. 

2.  Salts. 


GOLD  ORES. 
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Order  XVII.   'Tungsten  i.  Oxides.  Class  iv. 

ores.  Order  XX.  Titanium 

I.  Oxides.  ores. 

Order  XVIII.  Molyhde-  u  Oxides. 

nam  ores.  Order  XXI.  Chromum 

I.  Sulphurets.  g;yj. 

OrderXIX.  Uranium  ores.  i.  Oxides. 

Order  I..    ORES  OF  GOLD. 

No  metal  perhaps,  if  we  except  iron,  is  more  widely  Where 
scattered  through  the  mineral  kingdom  than  gold*.  found* 
Hitherto  it  has  been  found  only  in  a  metallic  state ; 
most  commonly  in  grains,  ramifications,  leaves,  or  rhom- 
boidal,  octahedral,  or  pyramidal  chrystals.  It  is  gene- 
rally mixed  with  quartz,  though  there  are  instances  of 
its  having  occurred  in  calcareous  rocks.  It  is  not  un- 
common also  to  find  it  disseminated  through  the  ores 
of  other  metals  ;  especially  iron,  mercury,  copper,  and 
zinc.  The  greatest  quantity  of  gold  is  found  in  the 
warmer  regions  of  the  earth.  It  abounds  in  the  sands 
of  many  African  rivers,  and  is  very  common  in  South 
America  and  India.  Europe,  however,  is  not  destitute 
of  this  metal.  Spain  was  famous  in  ancient  times  for 
its  gold  mines,  and  several  of  the  rivers  in  France  con- 
tain it  in  their  sands  f.  But  the  principal  gold  mines 
in  Europe  are  those  of  Hungary,  and  next  to  them  those 
of  Saltzburg.  Gold  also  has  been  discovered  in  Swe- 
den and  Norway,  and  more  lately  in  the  county  of 
Wicklow  in  Ireland  {. 


*  Bergman.  f  Reaumur,  Mem.  Par.  1718,  p.  68. 

%  Lloyd,  Phil.  Trans.  1796,  p.  36.  Mills,  Iliid.  p.  38.— Nicholson's 
Journal,  ii.  324. 
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ORES  OF  PLATINUM. 


Class  IV. 
Order  II. 


Properties 


i_  Genus  I.    Alloys  of  Gold. 
Sp.  I .    Native  gold. 

Native  gold  is  never  completely  pure;  it  is  alloyed' 
with  some  silver  or  copper,  and  sometimes  with  iron. 
In  the  native  gold  found  in  Ireland,  indeed,  the  quan- 
tity of  alloy  appears  to  have  heen  exceedingly  small. 

Its  colour  is  yellow.  Lustre  metallic.  Fracture 
hackly.    Hardness  5.    Specific  gravity  from  12  to  iy. 


Situation. 


Properties. 


Composi- 
tion. 


Order  II.    ORES  OF  PLATINUM*. 

Hitherto  no  mine  of  platinum  has  been  discovered. 
It  is  found  in  small  scales  or  grains  in  the  sands  of  the 
river  Pinto,  at  Choco,  Popayen  and  Quito  in  Peru,  and 
near.  Carthagena  in  South  America.  It  is  always  in  a 
metallic  state,  and  always  combined  with  iron. 

Genus  I.    Alloys  of  Platinum. 

Sp.  1.    Native  platinum. 
Platina. 

Its  colour  is  whitish  iron  grey.  Magnetic.  Specific 
gravity  from  12  to  16.  Soluble  in  nitro-muriatic  and 
oxy-muriatic  acids. 

Mr  Proust  has  proved  that  this  mineral,  besides  pla- 
tinum and  iron,  contains  also  copper,  plumbago,  sul- 
phur, and  phosphorus. 


*  See  Brownrigg,  Phil.  Tram.  xlvi.  584.— Lewis,  Ibid,  xlviii.638.  and 
1. 148. — Margraf,  Mem.  Berlin,  1757,  p.  314. — Macqucr,  Mem.  Per.  1 758, 
p.  119. — Buffon,  Jour,  de  Pbys.  iii.  324. — Morvcau,  Ibid.  vi.  193. — Berg- 
man, Opusc.  ii.  166. — Tillet,  Mem.  Par.  1779,  P*  373-  a"d  385.  and  545. — 
Crell,  Crell's  Annals,  1784,  I  Band.  328. — Willis,  Manchester  Memoirs, 
iji.467. — Mussin  Puschkin,  Ann.de  Cbim.  xxiv.  aoj. — Morveau,Ibid.  xxw 
3. — Proust,  Ibid,  xxxviii.  146. 
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Order  III.    ORES  OF  SILVER. 

Silver  is  found  most  commonly  in  quartz,  limestone,  Situation, 
hornstone;  or  combined  with  the  ores  of  other  metals, 
most  commonly  with  copper,  antimony,  zinc,  cobalt, 
and  lead.    This  last  metal  indeed  is  seldom  totally  des- 
titute of  silver.  . .-. 

Genus  I.    Alloys  of  Silver. 

Sp.  1.    Native  silver*. 

Native  silver,  so  called  because  the  silver  is  nearly  in 
a  state  of  purity,  forms  the  principal  part  of  some  of 
the  richest  silver  mines  in  the  world.  It  is  sometimes  Form*- 
in  small  lumps  ;  sometimes  crystallized  in  cubes,  hexa- 
hedrons, octahedrons,  or  dodecahedrons  ;  sometimes  iri 
leaves,  or  threads,  often  so  connected  with  each  other 
as  to  resemble  branches  of  trees,  and  therefore  called 
dendrites.  The  silver  in  the  famous  mines  of  Potosi  has 
this  last  form.  When  newly  extracted,  it  is  not  unlike 
small  branches  of  firf. 

The  colour  of  native  silver  is  white  ;  often  tarnished.  Properties 
Lustre  metallic.    Fracture  hackly.    Hardness  6.  Mal- 
leable.   Specific  gravity  from  10  to  10.338. 

The  silver  in  this  species  is  almost  constantly  alloyed 
with  from  .03  to  .05  of  some  other  metal,  frequently 
gold  or  arsenic.  ' 

Sp.  2.    Alloy  of  silver  and  gold. 
Auriferous  native  silver.  . 

This  alloy  is  not  uncommon  in  silver  mines.  Its  co- 
lour is  yellowish  white.  Its  lustre  metallic.  Hardness  5. 


*  Kir  wan,  ii.  108. — Calling.  Act.  Liter.  Svccite,  1738,  p.  410k 
f  Bergman's  Pbys.  Geogr. — Jour,  dc  M n.  No.  xvi.  p.  26, 
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ORES  OF  SILVER. 


Claw  III. 
Order  III. 


Properties. 


Composi- 
tion. 


Malleable.  Specific  gravity  above  10.6.  Dr  Fordyce 
found  a  specimen  from  Norway  composed  of 

72  silver 

28  gold 


100 


S/>.  3. 


Alloy  of  silver  and  antimony  f. 
Antimoniated  silver  ore. 
This  alloy,  which  is  found  in  the  silver  mines  of 
Spain  and  Germany,  is  sometimes  in  grains  or  lumps, 
and  sometimes  crystallized  in  six-sided  prisms,  whose 
sides  are  longitudinally  channelled  %. 

Its  colour  is  white.  Its  lustre  metallic.  Hardness 
10.  Brittle.  Specific  gravity  from  9.4406$  to  10  j[. 
Texture  foliated.  Fracture  conchoidal.  Before  the 
blow-pipe  the  antimony  evaporates  in  a  grey  smoke, 
and  leaves  a  brownish  slag,  which  tinges  borax  green. 
If  borax  be  used  at  first,  a  silver  bead  may  be  obtained. 

This  alloy  was  long  supposed  to  contain  arsenic. 
Bergman  examined  it,  and  found  only  silver  and  anti- 
mony^. His  analysis  has  been  confirmed  by  the  ex- 
periments of  Vauquelin  and  Selb**.  According  to  Sclb, 
it  is  composed  of  .  .  89  silver 

11  antimony 


100 


*  Pbil.  Trans.  1776,  p.  53a 
•)■  Kirwan,  ii.  1 10. 

4  Rome-  de  Lisle,  iii.  461. 

$  Hauy,  Jour  de  Mia.  No.  xxx.  473. 

H  Kirwan,  ii.  110.  f  Opmc.  ii.  415. 

*  *  Jour,  dc  M'm.  No.  xxx.  473. 
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A  specimen,  analysed  by  Klaproth,  contained  Gcnnsli. 

Species  L 

04  silver 
16  antimony 


100 

Another  specimen  contained 
76  silver 
24  antimony 


100* 

GENUS  II.     SULPHURETS  OF  SlLVER. 

Sjb.  i.    Common  sulphuret  of  silverf. 
Vitreous  silver  ore. 

This  ore  occurs  in  the  silver  mines  of.Germany  and 
Hungary.  It  is  sometimes  in  masses,  sometimes  in 
threads,  and  sometimes  crystallized.  Its  crystals  are  Crystals, 
either  cubes  or  regular  octahedrons,  whose  angles  and 
edges  are  often  variously  truncated.  For  a  description 
of  the  varieties  produced  by  these  truncatures,  the  read- 
er is  referred  to  Rome  de  Lisle  \. 

Its  colour  is  dark  bluish  grey,  inclining  to  black ;  p*operties> 
often  tarnished.  Internal  lustre,  metallic.  Texture  fo- 
liated. Fracture  uneven.  Hardness  4  to  5.  May  be 
cut  with  a  knife  like  lead.  Flexible  and  malleable. 
Specific  gravity  6.909$  107.21511.  In  a  gentle  heat 
the  sulphur  evaporates.  Melts  when  heated  to  red- 
ness. 

A  specimen  of  this  ore,  analysed  by  Klaproth,  con- 
tained  85  silver  Compose 

■  1 5  sulphur 


tion. 


*  Bcitrage,  ii.  301.  f  Kirwan,  ii.  iij.  \  Crystal,  in.  44  . 

§  Britson.  fl  Gellcrt.  1  Bcitrage,  i.  162. 
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Ores  of  silver. 


Class  IV. 
Order  III. 


Properties. 


Com 

rion.' 


pow- 


Sp.  2.    Antimoniatcd  sulphuret  of  silver*. 
Sulphuret  of  silver  with  antimony  and  iron. 
This  ore,  which  occurs  in  Saxony  and  Hungary, 
seems  to  be  sulphuret  of  silver  contaminated  with  anti- 
mony and  iron,  and  ought  therefore,  in  all  probability, 
to  be  considered  merely  as  a  variety  of  the  last  species. 
It  is  sometimes  in  masses,  but  more  frequently  crystal- 
lized in  six-sided  prisms,  tables,  or  rhomboids ;  gene- 
rally indistinct  and  accumulated  together. 

Its  colour  is  iron  grey  ;  often  tarnished.    Its  lustre 
metallic.    Fracture  uneven.  Hardness  4  to  5.  Brittle. 
Specific  gravity  7.208-f.  Before  the  blow-pipe  the  sul- 
phur and  antimony  exhale,  leaving  a  bead,  which  may 
be  freed  from  iron  by  fusion  with  nitre  and  borax. 

A  specimen  of  this  ore,  analysed  by  Klaproth,  con- 
tained .     .....    66.5  silver 

12.0  sulphur 
1 0.0  antimony 
5.0  iron 
1.0  silica 

0.5  arsenic  and  copper 


95-°  t 

Sp.  3.    Sulphuret  of  silver  and  copper  §. 
Cupriferous  sulphurated  silver  ore. 
This  ore,  which  is  found  in  the  Korbolokinsk  moun- 
tains in  Siberia,  was  first  described  by  Mr  Renovantz. 
It  is  in  amorphous  masses,  varying  in  size  from  that  of 
the  thumb  to  that  of  the  fist. 

Its  colour  is  bluish  grey  like  lead.    Lustre  metallic. 


*  Kirwan,  ii.  118. 
J  Bcitrage,  L  166. 


f  Gellert. 

§  Kirwan,  ii.  121. 


OXIDES.  4j 

Hardness  5  to  6.    Brittle.    Its  powder,  when  rubbed  Genus  III. 

on  the  skin,  gives  it  a  black  colour  and  a  leaden  gloss.  '  P°"es  *r 

Before  the  blow-pipe  the  sulphuret  of  silver  melts 

readily ;  that  of  copper  with  difficulty.    This  ore  is 

composed  of  about    42  silver  Composi- 
tion, 

21  copper 
35  sulphur 


98 

Genus  111.   Oxides  of  Silver. 
Sp.  I.    Calciform  silver  ore* 

This  ore  was  first  described  by  Mr  Widenman.  It 
is  sometimes  in  masses,  sometimes  disseminated  through 
other  minerals. 

Its  colour  is  greyish  black.  Its  streak  bright.  Its 
lustre  metallic.  Its  fracture  uneven.  Hardness  4  to  5. 
Brittle.  Specific  gravity  considerable.  Effervesces  with 
acids.  Melts  easily  before  the  blow -pipe.  Froths  with 
borax. 

According  to  Selb,  it  contains 

72.5  silver  Composi- 
15.5  antimony  tlon* 
12.0  carbonic  acid 


100.0  and  a  little  copper 

Sp.  2.    Red  silver  oref. 
This  ore  is  very  common  in  several  -German  silver 


•*  Kirwan,  ii.  na. 

f  Kirwan,  ii.  122. — Scopoli  de  Minera  Argenti  Rubra. — Sage,  Jour,  de 
Pbyt.  xxxiv.  331.  and  xli.  370. ;  and  AW.  Jour,  de  Pbys.  ii.  384. — Wci- 
trum,  Jour,  de  Pbys.  xliii.  »oi. — Klaproth,  Bfftrage,l  141. 
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ORES  OF  SILVER. 


Cla*  III. 
Order  III. 

I  „  1 

Crystals. 


properties. 


Varieties. 


mines.  It  occurs  in  masses,  disseminated  and  crystalli- 
zed. The  primitive  form  of  its  crystals  is  a  dodecahe- 
dron, whose  sides  are  equal  rhombs,  and  which  may 
be  considered  as  a  six-sided  rhomboidal  prism,  termi- 
nated by  three-sided  summits*.  Sometimes  the  prism 
is  lengthened,  and  sometimes  its  edges,  or  those  of  the 
terminating  summit,  or  both,  are  wanting.  For  a  de- 
scription and  figure  of  these  varieties,  the  reader  is  re- 
ferred to  De  Lislef  and  Hauy:f. 

Its  colour  is  commonly  red.  Streak  red.  External 
lustre  metallic,  internal  common.  Transparency  from 
3  to  i  ;  sometimes  opaque.  Fracture  flat  conchoidal. 
Hardness  5  to  7.  Brittle.  Specific  gravity  from  5.44$ 
to  5.59211.  Becomes  electric  by  friction,  but  only 
when  insulated ^f.  Soluble  in  nitric  acid  without  effer- 
vescence**. Before  the  blow-pipe  melts,  blackens, 
burns  with  a  blue  flame,  gives  out  a  white  smoke  with 
a  slight  garlic  smell,  and  leaves  a  silver  bead  ff. 

Variety  1.  Light  red  Colour  intermediate  be- 
tween blood  and  cochineal  red  ;  sometimes  variegated. 
Streak  orange  red.    Powder  black. 

Variety  2.  Dark  red — Colour  commonly  between 
dark  cochineal  red  and  lead  grey  ;  sometimes  nearly 
black  and  without  any  shade  of  red.  Streak  dark  crim- 
son red. 

This  ore  was  long  supposed  to  contain  arsenic.  Kla- 
proth  first  ascertained  its  real  composition %%  ;  and  his 


*  Rome  de  Lisle,  iii.  447. 

J  Jour.  d'Hist.  ATaf.  No.  xviii.  p.  216. 

||  Vauqucltn,  Jour.de  Mm.  xvii.  3. 

**  Hauy,  Ibid,  xxxi  518. 

%\  Ann.de  Cb:m.  xviii.  8l. 


f  Ibid. 
§  Kirwan. 

^  Hauy,  Ibid.  xxr.  476. 
ft  Vauquelin,  Ibid. 
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analysis  has  been  confirmed  by  Vauquelin,  who  found  a  Genus  IV. 

specimen  composed  of  56.6748  silver  \^Z!^!lLi 

16.1300  antimony  Son?1*0"* 

15.0666  sulphur 

1 2.1  286  oxygen 


100. 

Klaproth  proved  that  the  silver  and  antimony  are  in 
the  state  of  oxides  ;  and  Vauquelin,  that  the  sulphur  is1 
combined  partly  with  the  oxide  of  silver  and  partly 
with  the  oxide  of  antimony.  Klaproth  obtained  a  little 
sulphuric  acid ;  but  this  acid,  as  Vauquelin,  with  his 
usual  ingenuity,  demonstrated,  was  formed  during  the 
analysis. 

This  ore  sometimes  contains  a  minute  portion  of  ar- 
senic, but  never  more  than  .02*. 

Genus  IV.    Salts  of  Silver. 

Sp.  1.    Muriat  of  silverf . 
Corneous  silver  ore. 

This  ore  occurs  at  Johanngeorgenstadt  in  Saxony,  in 
South  America,  &c.  It  is  often  amorphous,  sometimes 
nearly  in  powder,  and  sometimes  crystallized  in  cubes 
or  parallelopipeds. 

Its  colours  are  various  :  when  exposed  to  the  light  it  properties, 
becomes  brown.    Internal  lustre  greasy,  1  ;  external  2 
to  i.    Acquires  a  gloss  when  scraped  with  a  knife. 
Transparency  2  to  1.    Texture  foliated.    Hardness  4 
to  5.    Specific  gravity  4.745 %  to  4.804  §.    Before  the 


*  Vauquelin,  Jour,  de  Min.  No.  xvii.  p.  8. 

t  Kirwan,  ii,  113. — Laxmann,  Nov.  Comm.  Petropol.  xix.  482. — Mon- 
nct,  Mem.  Scav.  Etrang.  ix.  7 1 7. 

{  Brisson.  §  Gellert. 
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Class  IV. 
Order  IV. 
I  ,  1 


Composi- 
tion. 


ORES  OF  MERCURY. 

blow-pipe  it  instantly  melts,  and  gradually  evaporates, 
but  may  be  reduced  by  adding  an  alkali. 

That  this  ore  contains  muriatic  acid  has  been  long 
known.  Mr  Woulfe  first  shewed  that  it  contained  also 
sulphuric  acid*  ;  and  this  discovery  has  been  confirm- 
ed by  Klaproth,  according  to  whose  analysis  this  ore  is 


composed  of 


67.75  silver 
6.00  oxide  of  iron 
ai. 00  muriatic  acid 
.25  sulphuric  acid 
1.75  alumina 


96.75! 

The  alumina  can  only  be  considered  as  mixed  with 
the  ore.  Sometimes  its  quantity  amounts  to  .67  of  the 
whole  J. 


Order  IV.    ORES  OF  MERCURY. 


Situation.  Mercury  abounds  in  Europe,  particularly  in  Spain, 
Germany,  and  Hungary  :  it  is  found  also  in  China  §, 
the  Philippines  ||,  and  in  Peru,  and  perhaps  Chili  in 
South  America.  The  most  productive  mines  of  mercu- 
ry are  those  of  Idria  *  *  ;  of  Almaden,  near  Cordova  in 
Spain,  which  were  wrought  by  the  Romans  f  f;  of  the 
Palatinate  %  %  ;  and  of  Guanca  Velicain  Peru  §  §. 


*  Phil.  Trans.  ijj6  f  Beitrage,  i.  134.  f  Ibid.  p.  137. 

§  See  Eptrccolle's  Lettres '  Ediftcantes.  ||  Carreri's  Voyage, 

*5  See  Molina's  Nat.ral  History  of  Chili. 
*  *  Scopoli,  Jour,  de  Min.  No.  xxxiv.  p.  915. 

t  f  See  Bowie's  Natural  History  of  Spain,  and  Jour,  de  Min.  No.  xxxi. 
P-  555- 

\  \  Jour,  dc  Min.  Nos.  vi.  and  vii. 

§  §  See  Ullo3's  Memoirs  concerning  America. 


AMALGAM  OF  SILVER. 

Mercury  has  never  been  found  in  Britain,  nor  has  any 
mine  worth  working  been  discovered  in  France.  It  oc- 
curs most  commonly  in  argillaceous  shistus,  limestones, 
and  sandstones. 

Genus  I.    Alloys  of  Mercury. 

Sp.  i.    Native  mercury. 
Native  mercury  is  found  in  most  mercurial  mines  :  it 
is  in  small  globules,  scattered  through  different  kinds  of 
stones,  clays,  and  ores. 

Fluid.    Colour  white.    Specific  gravity  about  13-6. 
Sj).  2.    Amalgam  of  silver  *. 
Native  amalgam. 
This  mineral  has  been  found  in  the  silver  mine  of 
Shalberg-]-,  in  the  province  of  Dalecarlia,  in  Sweden; 
in  the  mines  of  Deux  Fonts  %■>  in  the  Palatinate  ;  and  in 
other  places.    It  is  in  thin  plates,  or  grains,  or  crystal- 
lized in  cubes,  par;Ulelopipeds,  or  pyramids. 

Its  colour  is  silvery  white  or  grey.  Lustre  metallic; 
Creaks  when  cut.  Specific  gravity  above  10.  Tinges 
gold  white.  Before  the  blow-pipe  the  mercury  evapo- 
rates and  leaves  the  silver. 

A  specimen  of  this  amalgam,  analysed  by  Klaproth,  Composl 
contained  64  mercury     .  Uon" 

36  silver 

100  § 

Sometimes  it  contains  a  mixture  of  alumina,  and 
sometimes  the  proportion  of  mercury  is  so  great  that 
the  amalgam  is  nearly  as  soft  as  paste. 
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Genus  T. 
Species  I. 


*  Kirwan,  ii.  223. 

\  Heyer,  Crell's  Annals,  1790. 

Vol.  IV.  D 


f  Cronstedt's  Min. 
§  Bcitragc,  i.  183. 


ORES  OF  MERCURY. 


Class  IV. 

Order  IV.  GENUS  II.  SuLPHURETS  OF  MERCURY. 

Sp.  i.  Native  cinnabar  *. 
This  ore,  which  is  found  in  almost  all  mercurial 
mines,  is  sometimes  in  veins,  sometimes  disseminated, 
sometimes  in  grains,  and  sometimes  crystallized.  The 
Crystals.  form  Qf  -lts  crvstais  js  a  tetrahedron  or  three-fided  py- 
ramid, most  commonly  wanting  the  summit;  sometimes 
two  of  these  pyramids  are  joined  base  to  base;  and  some- 
times tuere  is  a  three-sided  prism  interposed  between 
them  f . 

Its  colour  is  red.  Its  streak  red  and  metallic.  Lustre 
when  crystallized  2  to  3  ;  when  amorphous,  often  o. 
Transparency,  when  crystallized,  from  1  to  3  ;  when 
amorphous,  often  o.  Texture  generally  foliated.  Hard- 
ness from  3  to  8.  Specific  gravity  from  5-419  to 
10.1285. 

Before  the  blow-pipe  evaporates  with  a  blue  flame 
and  sulphureous  smell.    Insoluble  in  nitric  acid  %. 
Varieties.        Variety  i.  Dark  red  Colour  cochineal  red.  Hard- 
ness 6  to  7.    Specific  gravity,  when  pure,  ic.1285  §  ; 
sometimes  only  7.2,  or  even  6.188  ||,  * 

Variety  2.  Bright  red. — Colour  commonly  scarlet. 
Specific  gravity  6. 90 2 2 H  to  5.419**. 

Sp.  2.    Hepatic  mercurial  oreff. 

This  ore,  which  is  the  most  common  in  the  mines  of 
Idria,  is  always  amorphous,  and  is  often  mixed  with  na- 
tive mercury  and  cinnabar. 


•  Kirwan,  ii.  22%.  f  Rome  de  Lisle,  iii.  154. 

}  Hauy  Jour,  lie  Min.  No.  xxxi.  p.  518.  §  Brisson. 

.  ||  Muschenbroek.  \  Brisson.  **Gellert. 

ft  Kirwan,  ii.  2%*,. 
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Its  colour  is  somewhat  red.    Its  streak  dark  red  and    Genus  III. 

t  •  i  t  .  /.  Species  I. 

brighter.    Lustre  commonly  metallic.    Hardness  from  •  v— _ » 

6  to  8.  Specific  gravity  from  9.2301  *  to  7.i86f.  When 
heated  the  mercury  evaporates. 

Though  this  ore  has  never  been  accurately  analysed,  Composi- 
chemists  have  concluded  that  the  mercury  which  it  con-  tl0IU 
tains  is  in  the  state  of  a  red  oxide,  because  it  is  inso- 
luble in  nitric  and  soluble  in  muriatic  acid:f.  When 
purest  it  contains  about  .77  of  mercury  §.    It  contains 
also  some  sulphur  and  iron. 

Werner  has  divided  this  species  into  two.  varieties, 
the  compact  and  the  slaty.  The  second  is  often  nothing 
more  than  bituminous  shale  impregnated  with  oxide  of 
,  mercury  || . 

Genus  III.    Mercurial  Salts. 

Sp.  1.    Muriat  of  mercury  if. 
Corneous  mercury. 

This  ore,  which  occurs  in  the  Palatinate,  is  some- 
times in  scales,  sometimes  in  grains,  and  sometimes  cry- 
stallized. Its  crystals  are  either  small  four  or  six  sided  Crystals, 
prisms;  whose  sides  are  rhombs**;  or  cubes;  orfour-sided 
pyramids  wanting  their  angles.  They  are  always  very 
small,  and  generally  confused. 

Its  colours  are  various  ;  but  it  is  most  frequently 
white.  Its  lustre,  when  white,  is  pearly.  Sometimes 
opaque,  and  sometimes  semitransparent.  Evaporates  be- 
fore the  blow-pipe. 

Mr  Woulfe  discovered  that  this  ore  generally  con- 


*  Brisson.  \  Kirwan.  %  Sage,  Jour.de  Piys.xxlv.  61. 

§  Scopoli,  Jour,  de  Min.  No.  xxxvi.  p.  919.  ||  Kirwan,  ii.  226. 

^  Ibid.  **  Rome  de  Lisle,  iii.  161. 
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tains  some  sulphuric  acid  *.  Specimens  have  been  found 
in  which  the  quantity  of  sulphuric  acid  exceeds  that  of 
the  muriatic  f . 

Order  V.    ORES  OF  COFPER. 

Copper  mines  abound  in  most  countries.  They  are 
wrought  in  China,  Japan,  Sumatra  ;  the  north  of  Afri- 
ca;  in  Chili  and  Mexico;  and  in  most  parts  of  Europe; 
especially  Britain,  Germany,  Russia,  Sweden. 

Copper  is  found  most  commonly  in  rocks  of  horn- 
blende, shistus,  and  quartz. 

Genus  I.    Alloys  of  Copper. 

Sp.  i.  Native  copper  J. 
Native  copper  occurs  now  and  then  in  the  greater 
number  of  copper  mines  :  Sometimes  it  is  in  masses, 
sometimes  in  plates  and  threads,  which  assume  a  va- 
riety of  forms;  and  sometimes,  as  in  Siberia,  it  is  cry- 
stallized in  cubes,  or  other  forms  nearly  resembling 
cubes  §. 

Properties.  Colour  commonly  that  of  copper,  but  sometimes  dark 
brown.  Lustre  metallic.  Streak  brighter.  Fracture 
hackly.  Flexible  and  malleable  Hardness  6  to  7.  Spe- 
cific gravity  from  7.6  ||  to  8.5844  *([. 

Sp.  2.    White  Copper  ore  **.  , 
Alloy  of  copper,  iron,  and  arsenic. 
This  ore,  which  is  said  to  be  uncommon,  occurs  in 


•  Phil.  Trans,  lxvi.  618. 

X  Kirwan,  ii.  127. — Curtheuser. 

§  Hany,  Jour.de  Mitt.  No.  xxxi.  509. 

^  Hauy,  Jour,  de  Min.  No.xxxi.  509. 


Class  IV. 
Order  V. 

1  v  


f  Suckow. 

||  Kirwan,  Min.  ii.  128. 
*  *  Kirwan,  Min.  ii.  152. 
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masses.    Colour  white.  Lustre  metallic.   Fracture  un-    Gentfi  II. 
even.    Hardness  8  to  9.   Brittle.  Specific  gravity  con-  i-l*"08  L. 
siderable. 

Before  the  blow-pipe  gives  out  a  white  arsenical 
smoke,  and  melts  into  a  greyish  black  slag  *. 

Genus  II.    Sulphurets  of  Copper. 

Sp.  1.    Common  sulphuret  of  copper  f. 
Vitreous  copper  ore. 
This  ore,  which  is  found  in  Cornwall,  Hungary>  and 
Siberia,  occurs  in  masses,  plates,  threads,  and  crystalli- 
zed in  six-sided  prisms,  or  four-sided  pyramids,  joined 
base  to  base. 

Colour  bluish  grey.  Streak  brighter  grey.  Lustre  me-  Properties, 
tallic.    Hardness  4  to  7.    Specific  gravity  5.45  2  \  to 
5.565  §  ;  sometimes  so  low  as  4. 129  ||.  Detonates  with 
nitre. 

Before  the  blow-pipe  it  melts  easily;  and  while  in  fu- 
sion exhibits  a  green  pearl,  which,  on  cooling,  is  cove- 
red with  a  brown  crust.    Tinges  borax  green. 

Werner  makes  two  varieties  of  this  ore  :  the  first  he  Varieties, 
calls  compact,  from  its  texture ;  and  the  second,  for  the 
same  reason,  he  calls  foliated.  •  This  last  is  somewhat 
darker  coloured  than  the  first,  but  in  other  respects  they 
agree. 

Sp.  2.    Copper  pyrites  % 
Yellow  copper  ore. 
This  ore,  which  is  probably  nothing. else  than  sul- 
phuret of  iron  combined  with  copper,  and  which,  there- 
fore, would  be  more  properly  placed  "among  iron  ores, 


*Wi'denman.  f  Kirwan,  ii.  144.  \  Kirwan. 

§  Gellcrt.  ||  Kirwan.  \  Kirwan,  ii  140. 
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<Q  ,X\t.  ly     *S  ^ounc^  frecjuently  in  copper  mines,  and  mixed  with 
i— -v— J  common  pyrites  or  sulphuret  of  iron.    It  is  sometimes 
amorphous,  and  sometimes  crystallized.  Its  crystals  are 
either  three  or  four-sided  pyramids  applied  base  to  base, 
or  six-sided  plates. 

Its  colour  is  yellow  ;  often  tarnished.  Its  internal 
lustre  metallic.  Hardness  6  to  7;  sometimes  9.  Brittle. 
Specific  gravity  4.314*  t0  4.c8f.  Deflagrates;  but  does 
not  detonate  with  nitre  %. 

Before  the  blow- pipe  decrepitates,  gives  a  greenish 
sulphureous  smoke,  and  melts  into  a  black  mass,  which 
tinges  borax  green.  Does  not  effervesce  with  nitric  acid. 
Sp.  3.  Purple  copper  ore  §. 
This  ore  is  found  in  masses,  or  plates,  or  dissemina- 
ted ;  sometimes,  also,  it  is  crystallized  in  octahedrons. 
Properties.    Colour  various,  but  most  commonly  purple  ;  internally 
reddish.    Streak  reddish  and  bright.    Lustre  metallic. 
Hardness  6  to  7.    Brittle.    Specific  gravity  4.956  to 

4-983 II-        _  ;  .;  .  "tv^ 

Effervesces  with  nitric  acid,  and  tinges  it  green.  De- 
flagrates with  nitre.  Before  the  blow-pipe  melts  readi- 
ly without  smoke,  vapour,  or  smell ;  but  is  not  redu- 
ced. Tinges  borax  a  bright  green, 
^mposi-  A  specimen  of  this  ore,  analysed  by  Klaproth,  con- 
tained  58  copper 

18  iron 

19  sulphur 
5  oxygen 

100  If 


*  Brisson. 
§  Ibid.  14a. 


f  Kirwan. 
II  Ibid.  143. 


\  Ibid.  Mia.  ii.  141. 
\  Bcitrngc,  ii.  286. 
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Sj).  4.    Grey  copper  ore  *.  Genus  ir. 

This  ore  is  found  in  Cornwall,  Saxony,  Hungary,  .Spe"es  1V; 
&c.    It  is  often  amorphous,  but  often  also  crystallized. 
The  primitive  form  of  its  crystals  is  the  regular  tetra- 
hedron ;  but,  in  general,  either  the  angles  or  the  edges, 
or  both,  are  truncated  or  bevelled  f. 

Colour  steel  grey  ;  often  tarnished,  and  then  dark  Properties, 
grey.  Streak  dark  grey  j  sometimes  reddish  brown. 
Powder  blackish  j  sometimes  with  a  tint  of  red.  Lustre 
metallic.  Hardness  7  or  8.  Very  brittle.  Specific  gra- 
vity 4.8648  J.  Deflagrates  with  nitre.  Before  the  blow- 
pipe crackles,  but  at  last  melts,  especially  if  assisted  by 
borax.  The  bead  gives  a  white  smoke,  without  any 
particular  smell ;  tinges  borax  yellow,  or  brownish  red, 
but  does  not  unite  with  it. 

A  specimen  of  this  ore  from  Cremnitz,  analysed  by  Composi- 
Klaproth,  contained     31  copper  tlon' 

14  silver 
34  antimony 
3  iron 
11  sulphur 

93 

Napion,  in  an  ore  from  the  valley  of  Lanzo,  found 
copper,  silver,  and  antimony,  nearly  in  the  same  pro- 
portions, but  more  iron,  and  some  arsenic  §.  Savoreai, 
as  Baron  Born  informs  us,  besides  the  ingredients  of 
Klaproth's  analysis,  found  some  gold  and  mercury  in 


*  Kirwan,  ii.  146.    Klaproth's  Beitrage,  1. 177. 

f  Rome  de  Lisle,  Hi.  315. 

}  Hauy,  Jour,  dt  Min.  No.  xxxi.  51*. 

§  Mem,  Turin,  V.  1 73- 
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copper  ores. 

grey  copper  ore  *  :  and  Klaproth  himself  found  lead  in 
most  of  the  other  specimens  which  he  examined. 

Genus  III.    Oxides  of  Copper. 

Sp.  i.    Red  copper  ore  f . 
Red  copper  glass. 
This  ore  is  found  in  Cornwall  and  many  other  coun- 
tries.   It  occurs  in  masses,  disseminated,  in  scales,,  and 
crystallized.  The  figure  of  its  crystals  is  most  common- 
ly the  regular  octahedron  \. 
Properties.       Colour  commonly  cochineal  red.    Streak  brick  red. 

Lustre  semimetallic.  Transparency,  when  amorphous, 
generally  o  ;  when  crystallized,  3  or  4.  Hardness  from 
4  to  7.  Soluble  with  effervescence  in  nitric  acid.  Be- 
fore the  blow-pipe  melts  easily,  and  is  reduced. 
Composi-  This  ore  has  been  lately  analysed  by  Mr  Chenevix, 
who.  has  found  it  when  pure  to  coiibist  entirely  of  the 
orange  oxide  of  copper  §. 

Werner  has  made  three  varieties  of  this  ore,  which, 
from  their  texture,  he  has  denominated  compact,  fotiatedt 
and  fibrous.  The  first  is  seldom  or  never  found  crystal- 
lized, and  is  opaque ;  the  second  occurs  amorphous, 
crystallized,  and  in  scales ;  the  third  is  carmine,  ruby, 
or  scarlet  red  ;  and  occurs  always  in  short  capillary  cry- 
stals, or  delicate  flakes. 

This  ore  sometimes  contains  a  mixture  of  red  oxide 
of  iron  j  it  is  then  called  brick  red  copper  qre,  copper 
malm,  or  copper  ochre. 

This' ore  is  sometimes  mixed  with  bitumen.  Its  co- 
lour is  then  brownish  black,  and  it  is  called  pitch  ore. 
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*  Catal.  ii.  498. 

t  Hauy,  Jour,  de  J\lin.  No.  xxxi. 51 7. 


f  Kirwan,  ii.  135. 

§  Tlil.  Tram.  l8oi.  p.  227. 
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Sp.  2.    Green  sand  of  Peru  *.  Genus  iv. 

This  ore,  which  was  brought  from  Peru  by^)ombey,  v 
is  a  grass  green  powder,  mixed  with  grains  of  quartz. 
"When  thrown  on  burning  coals,  it  communicates  a  green 
colour  to  the  flame.  It  is  soluble  both  in  nitric  and 
muriatic  acids  without  effervescence.  The  solution  is 
green.  It  was  supposed  to  contain  muriatic  acidf; 
but  Vauquelin  has  discovered,  that  the  appearance  of 
this  acid  was  owing  to  the  presence  of  some  common 
salt  accidentally  mixed  with  the  sand  |. 

Genus  IV.   Salts  of  Cofper. 

Sp.  r.    Blue  carbonat  of  copper  §. 
Mountain  blue — Aicur  de  cuivre — Blue  calx  of  copper — 

Kupfer  la%ur. 

This  ore,  which  occurs  in  the  copper  mines  of  Sibe- 
ria, Sweden,  Germany,  Hungary,  Cornwall,. &.c.  is  ei- 
ther amorphous  or  crystallized.  The  crystals  are  small, 
and  difficult  to  examine.  According  to  Rome  de  Lisle,  Cry6ta&. 
their  primitive  form  is  an  octahedron,  the  sides  of  which 
are  isosceles  triangles,  and  two  of  them  more  inclined 
than  the  others  ||.  Be  that  as  it  may,  the  crystals  of 
blue  carbonat  of  copper  are  ofien  rhomboidal  prisms, 
either  regular,  or  terminated  by  dihedral  summits %. 

Its  colour  is  azure  or  small  blue  Streak  blue.  Hard- 
ness 4  to  6.  Brittle.  Specific  gravity  3.608**.  It 
effervesces  with  nitric  acid,  and  gives  it  a  blue  colour. 


*  Kirwan,  ii  14;. 

f  Eerthollet,  Mem.  Par.  1786,  462. 

}  Jour,  de  Mln.  No.  xxxi.  519. 

§  Kirwan, ii.  129.— Morvcau,  Mem.  Dijon,  178a.  1  Semestre,  p.  109, 
H  Crystal,  iii.  343.  1  Ibid.  p.  343.  **  Brisson. 
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Class  IV. 
Order  V. 


Varieties. 


Before  the  blow-pipe  it  blackens,  but  does  not  melt. 
Tinges  borax  green  with  effervescences. 

The  crystals,  according  to  Pelletier,  are  composed  of 
66  to  70  copper 
18  —  20  carbonic  acid 
8  —  10  oxygen 
2  —    2  water 
Fontana  first  discovered  that  this  ore  contained  car- 
bonic acid  gas.    The  copper  is  evidently  in  the  state  of 
hydrat. 

Variety  I.  Mountain  blue— This  variety  generally 
contains  a  mixture  of  lime.  It  is  never  crystallized ; 
and  sometimes  is  almost  in  the  state  of  powder.  Lustre 
o.   Texture  earthy. 

Variety  2.  Striated  blue  carbonat  of  copper. — Lustre 
glassy.  Transparency,  when  crystallized,  2 ;  when 
amorphous,  z.  Texture  striated;  sometimes  approach- 
ing to  the  foliated.! 


Sp.  2.    Green  carbonat  of  copper  *■. 
Malachite. 

This  ore  is  generally  amorphous,  but  sometimes  it  is 
crystallized  in  four-sided  prisms,  terminated  by  four- 
sided  pyramids. 

Properties.       Colour  green.     Lustre  silky.     Hardness  5  to  7. 

Brittle.  Specific  gravity  3.571  f  to  3.653  %.  Effer- 
vesces with  nitric  acid,  and  gives  a  blue  colour  to  am- 
monia. Before  the  blow-pipe  it  decrepitates  and  black- 
ens, but  does  not  melt.    Tinges  borax  yellowish  green. 


*  Kirwan,  ii.  131. — Pontana,  Jour,  de  Thys.  xi.509. — Klaproth's  Bei- 
tfage,  ii.  1187. 

f  Brissot.  f  Kirwan. 
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ft  is  composed  of  carbonic  acid  and  green  oxide  of   Genus  IV. 

Species  IH. 

iron.  i  i 

Variety!.  Fibrous  malachite — Texture  fibrous.  O- 
paque  when  amorphous  ;  when  crystallized  its  trans- 
parency is  2.    Colour  generally  grass  green. 

Variety  i.  Compact  malachite. — Texture  compact. 

Opaque.    Colour  varies  from  the  dark  emerald  green 

to  blackish  green. 

A  specimen  of  malachite  from  Siberia,  analysed  by  Compote 
.  tion. 
Klaproth,  contained  58.0  copper 

18.0  carbonic  acid 

12.5  oxygen, 

1 1.5  water 


100  * 


This  species  is  sometimes  mixed  with  clay,  chalk, 
and  gypsum,  in  various  proportions  ;  it  is  then  known 
by  the  name  of 

Common  mountain  green. 

Its  colour  is  verdigris  green.    Lustre  o.  Transpa- 
rency o  to  1.    Hardness  3  to  4.    Brittle.  Texture 
earthy.  Effervesces  feebly  with  acids.  Before  the  blow- 
pipe it  exhibits  the  same  phenomena  as  malachite. 
Sp.  3.     Sulphat  of  copper. 

This^alt  is  found  sometimes  dissolved  in  water.  It 
belongs  properly  to  mineral  waters.  Its  properties 
have  been  already  detailed  in  the  First  Part  of  this 
Work. 

Sp.  4.    Arseniat  of  copper. 
This  mineral  was  discovered  above  20  years  ago  in 
the  Carrarach  mine  in  the  county  of  Cornwall ;  but  it 


*  Bcitragc,  ii.  290. 
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Order  V. 


Varieties. 


had  become  exceedingly  scarce  till  it  was  lately  found 
in  abundance  in  the  Huel  Garland  mine.  A  great  vaJ 
riety  of  specimens  were  carried  to  London  ;  and  theyj 
have  been  admirably  described  and  analysed  by  the 
Count  de  Bournon  and  Mr  Chenevix  *. 

This  mineral  is  most  commonly  crystallized.  Itsj 
colour  is  usually  blue  or  green  ;  sometimes  brown ; 
and  when  decomposing  almost  black.  Generally  trans- 
parent unless  when  decomposing.  Hardness  from  4  t 
8.  Specific  gravity  from  2.548  to  4.280.  There  are 
four  varieties,  distinguished  from  each  other  by  the 
proportion  of  their  component  parts. 

Variety  1.  Octahedral  arseniat — Crystallized  in  ob- 
tuse octahedrons,  composed  of  two  four-sided  pyramids 
with  isosceles  triangular  faces,  two  of  which  are  more 
inclined  than  the  other  two.  The  two  most  inclined 
meet  at  the  apex  at  an  angle  of  130°^  and  form  at  the 
base  angles  of  500  :  the  two  least  inclined  meet  at  the 
apex  in  an  angle  of  11 5 °,  and  form  at  the  base  angles 
of  65 °.  Sometimes  the  apex  is  converted  into  a  ridge; 
the  octahedron  being  lengtbened  parallel  to  the  less  in- 
clined planes.  Colour  deep  sky  blue  ;  sometimes  grass 
green,  sometimes  bluish  white.  Specific  gravity  2.88 1. 
Transparency  2  to  3.    Hardness  6. 

.  Variety  2.  Hexahedral  arseniat  Crystallized  in  thin 

hexahedral  laminae ;  the  six  faces  inclined  alternately 
towards  the  opposite  sides  of  the  plates,  so  that  three 
lie  one  way  and  three  another.  Two  of  these  three  are 
inclined  at  angles  of  135 0  ;  the  other  at  an  angle  of 
11 50.  Colour  deep  emerald  green1.  Divisible  into 
thin  plates  like  mica.  Specific  gravity  2.548.  Hardness 


*  Pbil.  Trans,  1801,  p.  169. 
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.    Transparency  of  thia  plates  4.    Decrepitates  when   Genus  IV. 
iheated.  Species!^. 

Variety  3.   Acute  octahedral  arseniat  Crystallized 

in  acute  octahedrons,  composed  like  the  first  variety  of 
pyramids,  having  two  faces  more  inclined  than  the  other 
two     The  more  inclined  faces  meet  at  the  apex  in  an 
angle  of  840,  and  form  at  the  base  angles  of  96 °.  The 
less  inclined  form  at  the  apex  an  angle  of  68°  at  the 
base  of  1120.    The  apex  often  converted  into  a  ridge. 
Sometimes  crystallized  in  four-sided  rhomboidal  prisms, 
with  angles  of  840  and  960,  and  terminated  by  dihedral 
summits.  Edges  which  correspond  to  the  angles  of  960 
often  truncated.    Sometimes  the  crystals  are  capillary, 
and  even  terminate  in  a  bundle  of  fine  fibres  ;  some- 
times composed  of  fibres  like  amianthus,  and  sometimes 
in  thin  layers  of  a  fibrous  texture.    Colour  usually 
brown  or  bottle  green,  so  dark  as  to  appear  blackish. 
Transparency  3  to  4.    Specific  gravity  4.280.  Hard- 
:  ness  8. 

Variety  4.  Trihedral  arseniat. — Crystallized  in  tri- 
I  hedral  prisms  ;  the  bases  of  which  are  equilateral  tri- 
l  angles,  very  small,  and  subject  to  a  great  number  of  va- 
:  nations  ;  for  a  description  of  which  the  reader  is  refer- 
1  red  to.  the  Count  de  Bournon  *.  Specific  gravity  4.280. 
1  Hardness  7.  Colour  bluish  green ;  when  decomposing 
I  blackish. 

The  analysis  of  these  different  varieties  has  been  al- 
ready detailed  in  a  former  part  of  this  Work  f . 


*  Pbih  Trans.  1801,  p.  182. 
t  See  Vol.  II.  p.  jo6. 
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Sdervi.  Order  VI.    ORES  OF  IRON. 

Iron  is  the  most  abundant  of  metals  ;  it  exists  al- 
most everywhere,  and  assumes  the  most  different  and 
even  opposite  shapes.  This  renders  it  a  more  difficult 
task  to  bring  its  ores  under  a  regular  arrangement  than 
those  of  any  other  metal.  They  may,  however,  be  all 
arranged  under  six  different  genera. 

Genus  I.    Alloys  of  Iron. 

Sj>.  I .    Native  iron  *. 
Native  iron  has  been  found  in  Siberia  and  in  Peru  in 
immense  masses,  which  seemed  as  if  they  had  been  fu- 
sed.   These  masses  evidently  did  not  originate  in  the 
place  where  they  were  found. 

Colour  bluish  white.  Fracture  hackly.  Lustre  me- 
tallic. Malleable.  Magnetic.  Hardness  8  to  9.  Spe- 
cific gravity  7.8.  Proust  has  discovered,  that  the  na- 
tive iron  found  in  Peru  is  alloyed  with  nickel  f. 

Genus  II.  Sulfiiurets. 

Sp.  1.    Sulphurated  oxide  of  iron  J. 
Pyrites. 

This  mineral  occurs  very  frequently  both  in  ores  and 
mixed  with  other  bodies,  for  instance  in  slates.  It  is 
often  amorphous,  and  often  also  crystallized.  The  pri- 
mitive form  of  its  crystals  is  either  a  regular  cube  or  an 


*  Pallas,  Phil.  Tram.  kvi.  523.— Rubin  de  Cells,  Ibid.  IxxviiL  37.— 
See  also  Schreiber,  Jour,  de  Pbyt.  xli.  3. ;  and  Stelin,  Fbil.  Trans,  lxiv 
461. 

t  Nicholson's  Journal,  iii.  374. 

\  Kirwan,  ii.  7$. — Henkel'j  Tyritologia. 
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ittahedron.    The  varieties  of  its  form  hitherto  descri-    Genus  tl. 
red  amount  to  30  ;  for  a  description  of  which  I  refer  lJZ^ILLi 
the  reader  to  Rome  de  Lisle*. 

Its  colour  is  yellow.  Its  lustre  metallic.  Hardness  Properties. 
8  to  10.  Brittle.  Specific  gravity  3.44  to  4.6.  So- 
luble in  nitric  acid  with  effervescence.  Scarce  soluble 
1  in  sulphuric  acid.  Before  the  blow-pipe  burns  with  a 
blue  flame  and  a  sulphureous  smell,  and  leaves  a  brown- 
ish bead,  which  tinges  borax  of  a  smutty  green. 

Variety  1.    Common  pyrites.  Fracture  uneven.  Varieties. 

:  Hardness  10.  Decrepitates  when  heated.  Emits  a 
sulphureous  smell  when  rubbed.  Not  magnetic.  It 
1  occurs  often  in  coal  mines  and  in  slates. 

Variety  2.  Striated  pyrites. — Texture  striated.  Hard- 
ness id.    Not  magnetic. 

Variety  3.  Capillary; — ^Colour  often  steel  grey.  Found 
in  needleform  crystals.    Uncommon.    Not  magnetic. 

Variety  4.  Magnetic  pyrites. — Found  in  masses.  Tex- 
ture compact.  Hardness  8  to  9.  Slightly  magnetic.  Seems 
to  contain  less  sulphur  than  the  other  varieties. 

Pyrites  is  composed  of  sulphur  and  the  black  oxide 
of  iron.  The  proportion  of  sulphur  is  variable,  which 
explains  the  varieties  of  its  crystalline  forms. 

Genus  III.    Carburet  of  Iron 

Sp.  1.    Plumbago  f. 
Graphite  of  Werner. 
This  mineral  is  found  in  Britain,  Germany,  France, 
Spain,  America,  &tc.    It  occurs  in  kidney-form  lumps 
of  various  sizes.  Its  colour  is  dark  iron  grey  or  brown- 
ish black  ;  when  cut,  bluish  grey.    Lustre  metallic, 


*  Crystal,  iii.  10%. 


f  Kirwan,  ii.  58. 


°4  ORES  OF  IRON. 

Class  IV.    from  2  to  4>   Opaque.   Structure  slaty.    Testure  fiat 

Order  VI.  m  ^ 

v— v  1  grained.    Hardness  4  to  5.    Brittle.    Specific  gravity 

from  1.987  to  2.089  j  after  being  soaked  in  water,  2.15; 
after  being  heated,  2.3  ;  and  when  heated  after  that, 
2.41  *.  Feels  somewhat  greasy.  Stains  the  fingers, 
and  marks  strongly.  The  use  of  this  mineral  when 
manufactured  into  pencils  is  known  to  every  person. 

Compos!-        Its  composition  was  discovered  by  Scheele.  When 
pure  it  contains        90  carbon 

10  iron 


100 


But  it  is  often  exceedingly  impure  :  A  specimen,  for 
instance,  from  the  mine  of  Pluffier,  in  France,  analysed 
•    by  Vauquelin,  contained  23  carbon 

2  iron 
38  silica 
37  alumina 

100  f 

Genus  IV.    Iron  combined  with  Silica. 
Sp.  1.    Emery  \. 
This  mineral  is  commonly  disseminated  through  other 
fossils,  but  sometimes  in  the  East  Indies  it  occurs  in 
large  masses. 

Properties  ^ts  co^our  *s  Dmi5n  grey»  greyish  brown,  or  bluish 
black,  often  covered  with  a  yellowish  rind  ;  internally 
it  discovers  red  or  purple  spots.  Lustre  1  oro;  in 
some  parts'  2,  and  metallic.  Opaque.  Hardness  14. 
Brittle.    Specific  gravity  3.925.    Before  the  blow-pipe 


*  Brisson. 

f  Kirwan,  ii.  193. 


\  Jour,  de  Mtn.  No.  lit.  p.  l6. 
§  Brisson. 


BLACK  OXIDES. 

,it  blackens  and  gives  a  smutty  yellow  tinge  to  bo 
rrax. 

According  to  Wiegleb  it  contains 
95.6  silica 
4.3  iron 

99.9 

Genus  V.    Oxides  of  Iron. 

This  genus  is  very  extensive ;  for  iron  is  much  more 
frequently  found  in  the  state  of  an  oxide  than  in  any 
other. 

The  minerals  belonging  to  it  may  be  all  arranged  un- 
.  der  two  species  ;  because  they  all  contain  iron,  either 
:  in  the  state  of  black  oxide  or  of  red.  But  it  will  be  ne- 
ccessary  to  branch  out  each  of  these  species  into  several 
i  subspecies,  and  these  again  into  varieties. 

Sp.  1.    Black  oxide. 
The  minerals  belonging  to  this  species  are  all  some- 
's what  affected  by  the  magnet,  and  they  have  usually  the 
rmetallic  lustre  and  appearance.    They  may  be  arran- 
ged under  five  subspecies. 

Subspecies  1 .    Octahedral  iron  ore. 
Common  magnetic  ironstone. 
This  ore  is  very  common  in  Sweden  ;  it  is  -found  also 
in  Switzerland,  Norway,  Riissia,  &c    It  occurs  in 
masses,  plates,  grains,  and  crystallized.    The  primitive  Crystals. 
'  form  of  its  crystals  is  a  regular  octahedron*.  Some- 
1  times  two  opposite  sides  of  the  pyramids  are  trapezi- 
uims,  which  renders  the  apex  of  the  pyramids  cunei- 
iform.    Sometimes  the  crystals  pass  into  rhomboidal 


*  Rome  de  Lisle,  iii.  178. 
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Claw  IV. 
Order  VI. 

Properties. 


Crystals. 


parallelopipeds,  and  into  dodecahedrons  with  rhomboi- 
dal  faces  *.  * 

Its  surface  is  brownish  black  ;  internally  bluish  grey. 
Powder  black  f.  Streak  blackish  grey,  brighter.  Lus- 
tre metallic.  Hardness  9  to  10.  Brittle.  Specific  gra- 
vity from  4.094  to  4.688J.  Attracted  by  the  magnet, 
and  generally  possessed  of  more  or  less  magnetic  vir- 
tue J.  To  this  subspecies  belongs  the  magnet.  Before 
the  blow-pipe  it  becomes  browner,  but  does  not  melt. 
Tinges  borax  dark  green. 

When  pure  it  consists  entirely  of  black  oxide  of  iron; 
but  it  is  often  mixed  and  contaminated  with  foreign  in- 
gredients. 

Subspecies  2.    Magnetic  sand^f. 

This  substance  is  found  in  Italy,  Virginia,  St  Do- 
mingo, the  East  Indies,  and  in  the  sand  of  the  river  Don 
at  Aberdeen  in  Scotland.  It  is  black,  very  hard,  mag- 
netic. Specific  gravity  about  4.6.  Not  altered  by  the 
blow-pipe  per  se  ;  melts  into  a  black  glass  with  potass, 
and  into  a  green  glass  with  microcosmic  salt,  both  o- 
paque**.  It  probably  contains  some  sibxa,  as  Kirwan 
has  supposed  ft . 

Subspecies  3.    Specular  iron  ore  ft — Fer  oligiste. 

This  ore  is  found  abundantly  in  the  isle  of  Elba  near 
Tuscany.  It  is  either  in  masses  or  crystallized.  The 
primitive  form  of  its  crystals,  and  of  its  integrant  mole- 
cules, is  the  cube§§.    The  varieties  hitherto  observed 


«  Rome  de  Lisle,  iii.  178.  \  Hauy,  Jour,  de  Min.  No.  xxxiii.  659. 

\  Kirwan 's  Min.  ii.  159.  §  Hauy,  Jour,  dt  Min.  No.  xixi.  527. 

\  Kirwan,  ii. — Dupuget,  Jour.de  Min.  No.  xxi.  p.  75. 
**  Fourcroy,  Ann.  de  Cbim.  ii.  127.  f  f  Min.  ii.  161. 

\  \  Kirwan,  ii.  162. — Coudrai,  Jeiir.  de  PLys.  iv.  52. 
Hauy,  Jour,  de  Min.  No.  xxxiii.  66a 
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amount  to  7.  These  are  the  rhomboidal  parallelopi-  Genu»V. 
ped  ;  the  cube,  with  three  triangular  faces  instead  of  L— • 
two  of  its  angles  diagonally  opposite ;  two  six-sided 
pyramids,  applied  base  to  base,  wanting  the  summits, 
and  sometimes  the  angles  at  the  bases,  and  sometimes 
the  alternate  edges  of  the  pyramid ;  a  polyhedron  of  24 
sides,  resembling  a  cube  with  three  triangular  faces  for 
two  angles  diagonally  opposite>  and  two  triangles  for 
the  rest  of  its  angles.  For  a  description  and  figure  of 
:  these  varieties,  I  refer  to  Rome  de  Lisle*  and  Hauyf. 

Colour  steel  grey ;  often  tarnished,  and  beautifully  Properties, 
iridescent,  reflecting  yellow,  blue,  red.    Streak  red. 
Powder  dark  red.    Lustre  metallic.  Hardness  9  to  10. 
'Not  brittle.     Specific  gravity  5.0116J  to  5.218 
p  Slightly  magnetic.    Little  altered  by  the  blow-pipe. 
Tinges  borax  an  obscure  yellow. 

This  ore,  according  to  Mr  Mushet,  is  composed  of  Composi« 

66.1  iron  tion- 

21.2  oxygen 

10.7  water  and  carbonic  acid 
2.0  lime 


100.0 


The  quantity  of  oxygen  here  stated  is  probably  too 
small,  owing  to  the  unavoidable  inaccuracy  .which  re- 
sults from  the  dry  way  of  analysis  which  Mr  Mushet 
followed. 

Subspecies  4.    Micaceous  iron  ore. 
This  ore  is  generally  considered  as  a  variety  of  the 


*  Crystal!,  iii.  189.  \  Ibid.  660.  }  Hauy.  §  Bris9on. 

U  Phil.  Mag.  iii.  354.  , 
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Order Tvi    ^ast*    Kirwan,  however,  supposes  it  to  contain  carbon, 
and  to  be  a  distinct  species. 

It  is  found  in  haxony,  and  in  the  isle  of  Elba,  &c. 
generally  in  amorphous  masses,  composed  of  thin  six- 
sided  laminse.  Colour  iron  grey.  Streak  bluish  grey. 
Lustre  metallic.  Opaque.  Feel  greasy.  Hardness  5 
to  7.  Brittle.  Specific  gravity  from  4.5  to  5.07. 
Slightly  magnetic.  Infusible  by  the  blow-pipe.  Tinges 
borax  greenish  brown. 

Subspecies  5.  Laminated  specular  iron  ore. 
Fer  pyrocete  of  Hauy. 
This  ore,  which  is  found  at  Montd'or  in  Auvergn, 
was  usually  arranged  under  the  last  species  ;  but  has 
been  separated  from  it  by  Mr  Hauy,  because  the  form 
of  its  crystals  is  intompatible  with  the  supposition  that 
their  primitive  nucleus  is  a  cube,  as  we  have  seen  is 
the  rase  with  common  specular  iron  ore.  Its  crystals 
are  thin  octagonal  plates,  bounded  by  six  linear  trape- 
ziums, alternately  inclined  different  ways*. 

Colour  steel  grey.  Powder  reddish  black.  Lustre 
metallic ;  surface  polished.  Fracture  glassy.  Very 
brittlef.  Hauy  supposes  that  this  ore  has  been  pro- 
duced by  fire,  and  accordingly  has  given  it  a  name 
which  denotes  its  origin. 

Sp.  2.  Red  oxide. 
The  minerals  belonging  to  this  species  are  not  affec- 
ted by  the  magnet;  and  it  is  but  rarely  that  they  pos- 
sess the  metallic  lustre.  In  all  of  them  the  red  oxide  is 
combined  with  some  substance  or  other  ;  and  alumina, 
or  rather  clay,  is  the  most  common  ingredient.  The 
oxide  of  manganese,  too,  seems  to  be  frequently  present 


*  Rome  de  Lisle,  iii.  188.  \  Hauy,  Jour,  de  Min.  No  xxxl  33, 
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These  minerals  are  very  numerous,  but  they  may  be    Genus  v. 

,        ,      c  ,  '  Species  II. 

arranged  under  tour  subspecies.  >  

Subspecies  i.    Brown  iron  ore*. 
This  species  of  ore  is  found  abundantly  in  Britain, 
I  particularly  in  Cumberland  and  Lancashire  ;  and  it  is 
also  very  common  in  other  counties.    It  consists  of  the 
!  brown  oxide  of  iron,  more  or  less  contaminated  with 
(Other  ingredients. 

Its  colour  is  brown.    Its  streak  reddish  brown.  Spe-  Properties-, 
i  cific  gravity  from  3.4771  103.951.    Before  the  blow- 
pipe blackens,  but  does  not  meit.  Tinges  borax  greenish 
yellow. 

Variety  1.    Brown  haematites. — The  name  hrcma-  varieties. 
■  tites  (bloodstone)  was  probably  applied  by  the  ancients 
to  those  ores  only  which  are  of  a  red  colour,  and  have 
I  some  resemblance  to  clotted  blood  ;  but  by  the  moderns 
it  is  applied  to  all  the  ores  of  iron  which  give  a  reddish 
coloured  powder,  provided  they  be  of  a  fibrous  texture. 

Brown  haematites  occurs  in  masses  of  various  shapes, 
and  it  is  said  also  to  have  been  found  crystrallized  in  five 
or  six-sided  acute  angled  pyramids.  Colour  of  the  sur- 
face brown  or  black,  sometimes  iridescent ;  internally 
nut  brown.  Powder  red.  Texture  fibrous.  Hardness 
8  to  10.  Brittle.  Spe-cific  gravity  3.789  f  to  3.951  %, 
Not  magnetic. 

This  variety  has  not  been  analysed,  but  it  seems  to 
consist  of  red  oxide  of  iron,  oxide  of  manganese,  and 
alumina  §. 

Variety  2.  Compact  brown  iron  stone. — This  variety 
occurs  in  masses  of  very  various  and  often  fantastical 


*  Kirwan.ii.  163.  t  Gellert. 

\  Kirwan.  §  Kirwan's  M'm.  \\.  164. 
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Class  IV.    shapes.    Colour  brown.  Internal  lustre  metallic.  Te» 

Order  VI.  r 

y— ^  ture  compact.    Hardness  6  to  9.    Brittle.  Specific 

gravity  3.4771  *  to  3-551 1- 

Variety  3.  Brown  scaly  iron  ore. — This  variety  is 
generally  incumbent  on  other  minerals.  Colour  brown. 
Lustre  metallic.  Stains  the  fingers,  marks  strongly. 
Feels  unctuous.  Texture  foliated.  Hardnes  3  to  5. 
Brittle.    So  light  as  often  to  float  on  water. 

Variety  4.  Brown  iron  ochre. — This  variety  occurs 
both  massive  and  disseminated.  Colour  from  nut  brown 
to  orange.  Lustre  o.  Strongly  stains  the  fingers.  Tex- 
ture earthy.  Hardness  3  to  4.  When  slightly  heated 
reddens. 

Subspecies  2.  Red  iron  ore  %. 
Colour  red.  Streak  blood  red.  Specific  gravity  from 
3.423  to  5.005.  Before  the  blow-pipe  blackens,  but 
does  not  melt.  Tinges  borax  yellowish  olive  green. 
When  digested  in  ammonia,  it  becomes  black  and  often 
magnetic. 

Varieties.  Variety  I.  Red  hsematites. — Found  in  masses,  and 
all  the  variety  of  forms  of  stalactites.  Colour  between 
brownish  red  and  steel  grey.  Powder  red.  Internal 
lustre  metallic.  Texture  fibrous.  Hardness  9  to  10. 
Brittle.  Specific  gravity  4,74  §  to  5.005 %.  When  pure 
it  consists  of  red  oxide  of  iron,  but  it  often  contains 
manganese  and  alumina**. 

Variety  2.  Compact  red  iron  ore. — Found  massive 
and  stalactitic  ;  sometimes  in  crystals  of  various  forms, 
but  they  seem  to  be  only  secondary  ;  sometimes  in  co- 
lumns like  basalt.   Colour  between  brown  red  and  steel 


*  Brisson.  f  Kirwan.  f  Ibid.  ii.  168. 

§  Gillcrt.  ^  Kirwan.  **  Ibid.  ii.  169. 
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grey.    Stains  the  fingers.    Lustre  1  too;  often  semi-    Genus  v. 

ii«       m  tt  t>  •   i        Species  II. 

metallic,    lexture  compact.   Hardness  7  to  9.  Brittle,  ^ 
Specific  gravity  3.423  to  3.76*.    Sometimes  invested 
with  a  rosy  red  ochre. 

Variety  3.  Red  ochre. — Found  sometimes  in  powder, 
sometimes  indurated.  Colour  blood  red.  Stains  the 
fingers.  Lustre  o.  Texture  earthy.  Hardness  3  to  5. 
Brittle. 

Variety  4.  Red  scaly  iron  ore  This  variety  is  ge- 
nerally found  incumbent  upon  other  iron  ores.  Colour 
between  cherry  red  and  steel  grey.  Siains  tuc  fingers. 
Lustre  silky,  inclining  to  metallic.  Texture  foliated. 
Feels  unctuous.  Hardness  3  to  4.  Brittle.  Heavy. 
Subspecies.  3.  Argillaceous  iron  ore  f. 
Oxide  of  iron  combined  or  mixed  with  clay. 

This  ore  is  exceedingly  common ;  and  though  it 
contains  less  iron  than  the  species  already  described,  it 
is,  in  this  country  at  least,  preferred  to  them,  because 
the  method  of  extracting  pure  iron  from  it  is  easier,  or 
rather  because  it  is  better  understood. 

Colour  most  commonly  dark  brown.  Streak  red  or  Properties, 
yellowish  brown.  Specific  gravity  from  2.673  to  3.471:):. 
Before  the  blow-pipe  blackens,  and  tinges  borax  olive 
green  and  blackish.  It  is  composed  of  oxide  of  iron, 
alumina,  lime,  silica  in  various  proportions.  It  gene- 
rally yields  from  30  to'  40  per  cent,  of  iron'. 

Variety  1.    Common  argillaceous  iron  ore. — The  mi-  Varieties, 
nerals  arranged  under  this  variety  differ  considerably 
from  each  other  in  their  external  characters.  They 
are  found  in  masses  of  various  shapes,  and  often  form 
large  strata.    Colour  various  shades  of  grey,  brown, 


*  Kirwan. 


f  Ibid.  ii.  173. 
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jrla,ssI,Y;    yellow,  and  red.    Streak  reddish  yellow  or  dark  red. 

Order  VI.    *.  ; 

Lustre  o.  Hardness  from  3  to  8.  Smell  earthy  when 
breathed  upon. 

Variety  2.  Columnar  or  scapiform  iron  ore. — This 
variety  is  found  in  columns  adhering  to  each  other,  but 
easily  separable :  They  are  commonly  incurvated,  and 
their  surface  is  rough.  Colour  brownish  red.  Streak 
dark  red.  Slightly  stains  the  fingers.  Lustre  o.  Ad- 
heres strongly  to  the  tongue.  Sound  hollow.  Feel  dry. 
Texture  earthy. 

Variety  3.    Acinose  iron  ore  This  variety  is  found 

in  masses,  and  is  commonly  lenticular.  Colour  gene- 
rally brownish  red.  Lustre  metallic,  nearly.  Texture 
granular.    Hardness  5  to  9.  Brittle. 

Variety  4.  Nodular,  or  kidney-form  ore.  JEtites 
or  Eaglestone. — This  variety,  which  was  mentioned  by 
the  ancients,  is  generally  found  under  the  form  of  a 
rounded  knob,  more  or  less  resembling  a  kidney,  though 
sometimes  it  is  quadrangular  ;  and  it  contains  within  it 
a  kernel,  which  is  sometimes  loose,  and  sometimes  ad- 
heres to  the  outside  rind.  Colour  of  the  stone  yellowish 
brown  of  the  kernel  ochre  yellow.  Surface  generally 
fouled  with  earth.  Lustre  of  the  rind  metallic  j  of  the 
kernel  o.    Hardness  from  4  to  7.  Brittle. 

Variety  5.  Pisiform  or  granular  iron  ore. — This  va- 
riety occurs  in  rounded  masses,  from  the  size  of  a  pea 
to  that  of  a  nut.  Surface  rough.  Colour  commonly 
dark  brown.  Streak  yellowish  brown.  Hardness  5  to 
6.  Brittle.  The  oolitic  ore  found  at  Creusot,  near 
mount  Cenis,  belongs  to  this  variety.    It  is  composed 

of  50  lime 

30  iron 
20  alumina 

1  CO 
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tion. 


Subspecies  4.    Lowland  iron  ore  *.  Genus  V. 

This  species  of  ore  is  supposed  to  consist  of  oxide  of  ■ Sl1ecics 
iron,  mixed  with  clay  and  phosphuret  or  phosphat  of  iron. 
It  is  called  lowland  ore,  because  it  is  found  only  in  low 
grounds ;  whereas  the  last  species  is  more  commonly  in 
high  grounds  ;  and  is  .therefore  called  highland  ore.  This 
ore  occurs  in  amorphous  masses,  and  also  in  grains  or 
powder.  Its  colour  is  brown.  Streak  yellowish  brown. 
Lustre  o,  or  common.  Texture  earthy.  Hardness  3 
to  5. 

Variety  1.    Meadow  lowland  ore. — Colour  blackish  Varieties, 
or  yellowish  brown  :  Both  colours  often  meet  in  the 
same  specimen.    Found  in  lumps  of  various  sizes,  of- 
ten perforated.    Fracture  compact.   Moderately  heavy. 
Frequently  yields  from  32  to  38  per  cent,  of  iron. 

Variety  2.  Swampy  iron  ore. — This  variety  is  ge- 
nerally found  under  water.  It  is  in  lumps,  which  are 
commonly  perforated  or  corroded,  and  mixed  with  sand. 
Colour  dark  yellowish  brown,  or  d-ark  nut  brown. 
Hardness  3  to  4.  Brittle.  Specific  gravity  2.944.  It 
often  contains  .36  of  iron. 

Variety  3.  Morassy  iron  ore. — This  variety  is  found 
either  in  a  loose  form  or  in  perforated  lumps.  Colour 
light  yellowish  brown.  Stains  the  lingers.  Hardness  3. 
Friable. 

Genus  VI.    Salts  of  Iron. 

Sp.  1.    Sparry  iron  oref. 
This  ore  is  common  in  Germany,  France,  and  Spain. 


*  Kirwan,  ii.  179. 

f  Kirwan,  ii.  190. — Bergman,  ii.  184. — Eayen,  Jour,  de  Pbys.  vii.  2x3. 
Razowmowski,  Mem.  Lauianne,  1783,  p.  149. 
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Class  IV. 
Order  VI. 


Properties. 


Composi- 
tion. 


It  is  found  sometimes  in  amorphous  masses,  and  some- 
times crystallized. 

Its  colour  is  white  ;  but  it  becomes  tarnished  by  ex- 
posure to  the  air,  and  then  assumes  various  colour;. 
Streak  grey  or  white.  External  lustre  often  metallic  ; 
internal  common  or  glassy.  Transparency  i  or  2 ;  some- 
times o.  Texture  foliated.  Fragments  rhomboidal. 
Hardness  5  to  7.  Brittle.  Specific  gravity  3.6  to  3.810. 
Not  magnetic.  Soluble  in  acids  with  very  little  effer- 
vescence. Before  the  blow-pipe  decrepitates,  becomes 
brownish  black,  and  magnetic  ;  but  is  scarcely  fusible. 
Tinges  borax  smutty  yellow,  with  some  effervescence. 

This  ore,  as  Bergman  ascertained,  consists  of  iron, 
manganese,  lime,  and  carbonic  acid. 

One  specimen,  according  to  his  analysis,  contained 
38  iron 
24  manganese 
38  carbonat  of  lime 


1 00 

Another  contained 


22  iron 

28  manganese 

50  carbonat  of  lime 


100 


Whether  the  iron  be  combined  with  the  carbonic 
acid  is  still  a  disputed  point.  The  crystals  of  this  ore 
are  rhomboidal  parallelopipeds  ;  which  is  precisely  the 
form  of  carbonat  of  lime.  This  amounts  nearly  to  a 
demonstration,  that  the  carbonic  acid  is  combined  with 
the  lime  ;  and  that,  as  Cronstedt  and  Hauy  have  sup- 
posed, this  ore  is  merely  carbonat  of  lime,  contamina- 
ted with  a  quantity  of  the  oxides  of  iron  and  manga- 
nese. 
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Sp.  i.    Arseniat  of  iron.  Genus  vr. 

This  ore  was  first  mentioned  by  Klaproth,  but  mis-  ,Spe"es  IL, 
taken  by  him  for  arseniat  of  copper  containing  iron  *  : 
it  has  been  found  also  in  Muttrell  mine  in  Cornwall. 
For  the  description  of  it  we  are  indebted  to  Bournon, 
and  for  its  analysis  to  Chenevix. 

This  ore  is  crystallized  in  cubes,  which  are  sometimes  crystal*, 
a  little  flattened,  and  in  some  cases  the  angles  are  trun- 
cated, and  small  equilateral  triangular  faces  substituted 
for  them.    Sometimes  the  alternate  angles  only  are 
truncated.    Colour  dark  green  with  a  brownish  tinge  ; 
sometimes  brownish  yellow.    Transparency  about  3. 
Hardness  7.    Specific  gravity  3.000.   Sometimes  in  the 
State  of  a  powder  of  a  reddish  yellow  colour  f.  Accord- 
ing to  the  analysis  of  Chenevix,  it  is  composed  of  Compod- 
45.5  oxide  of  iron 
3 1 .0  arsenic  acid 
9.0  oxide  of  copper 
4.0  silica 

10.5  water  and  loss 
100.0  \ 

Sp.  3.  Arseniat  of  iron-and-copper. 
This  ore  has  been  found  in  Carrarach  and  Mut- 
trell mines  in  Cornwall.  It  was  discovered  likewise  in 
Spain  by  Proust  §,  and  in  Siberia  by  Pallas  ||.  It  was 
first  mentioned  by  Klaproth,  who  considered  it  as  an 
arseniat  of  copper  f  j  but  the  experiments  of  Mr  Che- 


*  Klaproth's  Obseivations  in  the  Minerals  of  Corn-wall,  p.  29.  English 
Translation. 

I  Pb.l.  Trans.  1801,  p.  190.  t  Ibid,  p.  221. 

§  Ann.  de  Cbim.  i.  195.  ||  Pl.  il.  Trans.  1801,  p.  219. 

^  Klaproth's  Observations  on  the  Minerals  of  Corn-wall,  p.  29.  English 
Translation. 
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Order  vir  nev*x  nave  Provea<  if  to  be  a  triple  salt,  composed  of  the 
«  „   arsenic  acid,  combined  with  the  oxides  of  iron  and  cop- 
Crystals,  per.  This  ore  crystallizes  in  a  four-sided  rhomboidal 
prism,  having  two  of  its  edges  very  obtuse,  and  two 
very  acute.  The  prism  is  terminated  by  a  pretty  acute 
four- sided  pyramid.  Very  often  the  obtuse  edges,  and 
sometimes  all  the  edges  of  the  prism,  are  truncated.  Co- 
lour bluish  white.  Transparency  of  the  crystals  4. 
Hardness  7.  Specific  gravity  3.400  *.  According  to 
the  analysis  of  Chevenix,  it  is  composed  of 

Composi-  q^.p  arsenic  acid 

tion.  J 

27.5  oxide  of  iron 

22.5  oxide  of  copper 

1 2.0  water 

3.0  silica 


98.5  f 

Sp.  4.    Sulphat  of  iron. 
This  salt  is  found  sometimes  dissolved  in  water. 
It  belongs  more  properly  to  mineral  waters.    Its  pro- 
perties have  been  described  in  a  former  part  of  this 
Work. 

Sp.  5.  Tungstat  of  iron.  See  Order  XVII.  Ge- 
nus II. 


Order  VII.    ORES  OF  TIN f. 

Tin  ores  are  by  no  means  so  common  as  the  ores  of 
the  metals  which  have  been  already  described.  They  are 
found  only  in  the  primitive  mountains.  Hence  Werner 
supposes  them  to  be  the  most  ancient  of  all  metallic 


*  Bournon,  Tb':l.  Trans.  1801,  p.  191.  t  Ibid,  p.  22CX 

\  Geoffroy,  Mem,  Par.  1738,  p.  103. — Morvcau,  Ann.  dc  Cb'tm.  xxiv.  127 
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ores.  They  occur  most  frequently  in  granite,  sometimes  Germs  I. 
in  porphyry,  but  never  in  limestone.  > Species  fc^ 

Almost  the  only  tin  mines  known  to  Europeans  are 
those  of  Cornwall,  Devonshire,  Saxony,  Bohemia,  Sile- 
sia, Hungary,  Gallicia ;  those  of  the  island  of  Banca 
and  the  peninsula  of  Malacca  in  India  i  and  those  of 
Chili  and  Mexico  in  America. 

Genus  I.    Sulphu rets  of  Tin. 

Sp.  i.    Sulphuret  of  tin  and  copper*. 
'Tin  pyrites. 

Hitherto  this  ore  has  only  been  found  in  Cornwall. 
There  is  a  vein  of  it  in  that  country,  in  the  parish  of  St 
Agnes,  nine  feet  wide,  and  twenty  yards  beneath  the 
surface  f. 

Its  colour  is  yellowish  grey,  passing  into  the  steel  grey,  propertls* 
Not  unlike  grey  copper  ore.  Lustre  metallic.  Hard- 
ness 5  to  6.  Very  brittle.  Specific  gravity  4.35  %.  Be- 
fore the  blow-pipe  it  melts  easily,  with  a  sulphureous 
smell,  into  a  black  bead,  and  deposits  a  bluish  oxide  on 
the  charcoal. 

The  composition  of  this  ore,  as  Klaproth  informs  us, 

was  first  discovered  by  Mr  Raspe.    According  to  Kla- 

'  proth's  analysis,  it  is  composed  of 

34  tin  Compo*- 
-c  .  tion. 

30  copper 
25  sulphur 

3  iron 

2  earth 

100  § 


*  Kirwan,  ii.  aoo. 
\  Klaproth. 


f  Klaproth'3  Cornwall,  p.  3t. 
§  Id.  5  8. 
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Class  IV. 
Order  VI  f. 


Crystals. 


Varieties. 


Genus  II.    Oxides  of  Tin. 
Sp.  i.    Brown  oxide  of  tin*. 
Tinstone — Woodtin. 

This  ore,  which  may  be  considered  as  almost  the  on* 
ly  ore  of  tin,  occurs  in  masses,  in  rounded  pieces,  and 
crystallized.  These  crystals  are  very  irregular.  Hauy 
supposes  that  their  primitive  form  is  a  cube  f  ;  but 
Rome  de  Lisle,  with  more  probability,  makes  it  an  oc- 
tahedron and  in  this  opinion  Mr  Day  agrees  with 
him  §.  The  octahedron  is  composed  of  two  four-sided 
pyramids,  applied  base  to  base.  The  sides  of  the  py- 
ramids are  isosceles  triangles,  the  angle  at  the  vertex  of 
which  is  700,  and  each  of  the  other  angles  550.  The 
sides  of  the  two  pyramids  are  inclined  to  each  other  at 
an  angle  of  90 0  ||.  This  primitive  form,  however,  ne- 
ver occurs,  but  crystals  of  tinstone  are  sometimes  found 
in  which  the  two  pyramids  are  separated  by  a  prism. 
For  a  complete  description  of  the  varieties  of  the  cry- 
stals of  tinstone,  the  reader  may  consult  Rome  de  Lisle 
and  Mr  Day^[. 

Its  colour  is  commonly  brown.  Streak  grey.  Hard- 
ness 9  to  10.    Specific  gravity  6.9  to  7.0.  Brittle. 

Variety  1.  Common  tinstone. — Colour  dark  brown; 
sometimes  yellowish  grey,  and  sometimes  nearly  white 
Streak  light  grey.  Somewhat  transparent  when  crystal 
lized.  Hardness  10.  Specific  gravity  6.9  to  6.97. 
Before  the  blow-pipe  it  decrepitates,  and  on  charcoal  is 
partly  reduced.    Tinges  borax  white. 

According  to  Klaproth,  it  is  composed  of 


*  Kirwan,  ii.  197. 
J  Crystallog.  iii.  413. 
H  Rome  de  Lisle,  Ibid. 


f  Jour,  de  Min.  xxxii.  5  "6. 
§  Pbil.  Mag.  iv.  15 1. 
\  Ibid. 


OXIDES. 

77.50  tin 
21.50  oxygen 

.25  iron 

.75  silica 

100.00* 

V aristy  2.  Woodtin — This  variety  has  hitherto  been 
found  only  in  Cornwall.  It  occurs  always  in  fragments, 
which  are  generally  rounded.  Colour  brown  ;  some- 
times inclining  to  yellow.  Streak  yellowish  grey.  O- 
paque.  Texture  fibrous.  Hardness  9.  Specific  gra- 
vity 7.0.  Before  the  blow-pipe  becomes  brownish  red; 
decrepitates  when  red  hot,  but  is  not  reduced. 

Klaproth  obtained  from  it  .63  of  tin  ;  and  in  all  pro- 
bability it  is  an  oxide  of  tin  nearly  pure. 

Order  VIII.    ORES  OF  LEAD. 

Ores  of  lead  occur  in  great  abundance  in  almost  eve- 
ry part  of  the  world.  They  are  generally  in  veins  ; 
sometimes  in  siliceous  rocks,  sometimes  in  calcareous 
rocks. 

Genus  I.    Sulphurets  of  Lead. 

Sp.  1.  Galena,  or  pure  sulphuret  of  lead  f. 

This  ore,  which  is  very  common,  is  found  both  in 
masses  and  crystallized.  The  primitive  form  of  its  cry- 
stals is  a  cube.  The  most  common  varieties  are  the  Cry^^s, 
cube,  sometimes  with  its  angles  wanting,  and  the  octa- 
hedron, composed  of  two  four-sided  pyramids  applied 
base  to  base.  The  summits  of  these  pyramids  are  some- 
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Genus  I. 
Species  I. 


*  Beitragc,  ii,  256. 


•f  Kirwan,  ii.  a  16. 
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Class  IV.    times  cuneiform,  and  sometimes  their  solid  angles  are 

Order  VIII.  ,  '  6 

1  y  '  wanting*. 

Properties.  Its  colour  is  commonly  bluish  grey  like  lead.  Streak 
bluish  grey  and  metallic.  Lustre  metallic.  Sometimes 
stains  the  fingers.  Texture  foliated.  Fragments  cubi- 
cal. Hardness  5  to  7  ;  sometimes  even  p.  Brittle. 
Specific  gravity  6.884  t0  7.786  f .  Effervesces  with  ni- 
tric and  muriatic  acids.  Before  the  blow-pipe  decrepi- 
tates, and  melts  with  a  sulphureous  smell ;  part  sinks 
into  the  charcoal. 

It  is  composed  of  from  .4  5  to  .83  lead,  and  from  .086 
to  .16  of  sulphur.  It  generally  contains  some  silver, 
and  sometimes  also  antimony  and  zinc. 
Varieties.  Variety  r ,  Common  galena. — This  variety  corresponds 
nearly  with  the  above  description.  Specific  gravity 
7.051  to  7.786.    Sometimes  stains  the  fingers. 

Variety  2.  Compact  galena. — Found  only  in  amor- 
phous masses.  Texture  compact,  inclining  to  foliated. 
Hardness  6  to  8.  Specific  gravity  6.886  to  7.444. 
Lustre  common.  Streak  lead  grey,  brighter,  and  me- 
tallic. Often  feels  greasy,  and  stains  the  fingers. 
Sp.  2.    Black  lead  ore  %. 

This  ore,  which  is  found  in  Germany  and  Brittany, 
and  which  is  supposed  to  be  common  galena  decayed, 
is  sometimes  in  stalactites  of  various  forms,  and  some- 
times crystallized  in  six-sided  prisms,  which  are  general- 
ly truncated  and  confused. 
Properties.  Colour  black,  often  with  some  streaks' of  red.  Streak 
light  bluish  grey..  Internal  lustre  metallic.  Hardness 
5  to  6.  Brittle.  Specific  gravity  from  5 .744 §  to  5-77^[. 


*  Rome  de  Lisle,  iii.  364.  f  Watson. 

}  Kirwan,  ii.  221.        §  Brisson.         ^  Gellcrt. 
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Before  the  blow-pipe  decrepitates,  melts  easily,  and  is    Genus  I. 

.       "  Species  IV. 

reduced.  ■  . 

According  to  the  experiments  of  Laumont,  this  ore 
is  a  sulphuret  of  lead  (or  rather  sulphurated  oxide  of 
lead),  mixed  with  some  phosphat  of  lead. 

Sp.  3.    Blue  lead  ore*. 

This  ore,  which  is  found  in  Siberia,  Germany,  and 
Hungary,  and  is  very  rare,  occurs  sometimes  in  masses, 
and  sometimes  crystallized  in  six-sided  prisms. 

Colour  between  indigo  blue  and  lead  grey ;  some- 
times inclining  to  black.  Internal  lustre  metallic.  Streak 
brighter.  Texture  compact.  Hardness  6.  Specmc 
gravity  5.461  f.  Before  the  blow-pipe  melts  with  a 
low  blue  flame  and  a  sulphureous  smell,  and  is  easily 
reduced. 

Sp.  4.    Sulphuret  of  lead  with  silver  and  antimony  %. 
Plumbiferous  antimoniated  silver  ore. 
Found  in  amorphous  masses.    Colour  grey.  Hard- 
ness 5  to  6.    Brittle.    Specific  gravity  from  5.2  to  8. 

Variety  1 .  Light  grey  silver  ore — Colour  light  bluish  Varieties, 
grey.  Streak  light  bluish  grey,  and  brighter.  Lustre 
metallic.  Texture  compact.  Before  the  blow-pipe 
partly  evaporates,  and  leaves  a  silver  bead  on  the  char- 
coal surrounded  by  yellow  dust.  According  to  Kla- 
proth,  it  contains      48.06  lead 

20.40  silver 

7.88  antimony 
12.35  sulphur 
2.25  iron 
7.00  alumina 
.25  silica 
98.09  § 


*  Kirw.  ii.  aao.       fGellcit.       f  Kinv.  ii.  129.        §  Beitrage,  i. 
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'  Class  IV.  Variety  2.  Dark  grey  silver  ore — Colour  iron  grey, 
Order  VIII.  J  5    J  . 

verging  on  black.    Powder  black,  and  stains  the  fin- 
gers.   Lustre  o.    Texture  earthy. 
According  to  Klaproth,  it  contains 
41.00  lead 
21 .50  antimony 
29.25  silver 
22.00  sulphur 
1.75  iron 
1. 00  alumina 
.75  silica 


tion 


97.25* 

Sp.  5.    Bismuthic  silver  oref. 
Sulpburet  of  lead,  bis?nutht  and  silver. 
This  ore,  which  occurs  in  the  valley  of  Schapbach  in 
Saxony,  was  first  taken  notice  of  by  Selb,  and  after- 
wards described  by  Weidenmann  and  Emerling. 

Its  colour  is  light  bluish  grey.  Its  lustre  metallic. 
Its  fracture  uneven.  Hardness  5.  Melts  easily  before 
the  blow-pipe,  emitting  some  smoke,  and  leaves  a  sil- 
ver bead. 

Composi-        A  specimen,  analysed  by  Mr  Klaproth,  contained 

33.0  lead 
27.0  bismuth 
15.0  silver 
16  3  sulphur 
4.3  iron 
0.9  copper 


*  Beitrage,  i.  175. 


f  Kirwan,  ii,  i;8. 


\  Bcitrage,  ii.  297. 
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Genus  II.    Oxides  of  Lead.  Gemnii. 

SpcClCS  I* 

Sp.  1.    Lead  ochre  *.  1   7 

This  ore,  which  is  a  mixture  of  the  oxide  of  lead 
with  various  earths,  is  found  massive,  and  of  various  de- 
grees of  hardness. 

Its  colour  is  either  yellow,  grey,  or  red.  Lustre  o.  Properties. 
Transparency  o  to  1.  Hardness  6  to  8  ;  sometimes  in 
powder.  Specific  gravity  from  4.165  to  5.545  f.  Tex- 
ture compact.  Effervesces  with  nitric  and  muriatic  acids. 
Easily  reduced  by  the  blow-pipe,  leaving  a  black  slag, 
unless  the  lead  be  mixed  with  too  great  a  proportion  of 
earth. 

Genus  III.    Salts  of  Lead. 
Sp.  i.    Carbonat  of  lead  %. 
White  lead  spar. 

This  ore  of  lead,  which  is  very  common,  is  sometimes 
in  masses,  and  sometimes  crystallized.  But  the  crystal- 
lization is  in  general  so  confused,  that  the  primitive 
form  of  the  crystals  has  not  yet  been  ascertained  §. 

Its  colour  is  white.  External  lustre,  waxy  or  silky,  Properties, 
from  3  to  1  ;  internal  1  to  2.  Generally  somewhat 
transparent.  Hardness  5  to  6.  Brittle.  Specific  gra- 
vity 7.2357 1| .  Effervesces  with  nitric  and  muriatic  acids 
when  they  are  heated.  Soluble  in  fat  oils.  Blackened 
by  sulphuret  of  ammonia**.  Decrepitates  when  heat- 
ed. Before  the  blow-pipe,  in  a  silver  spoon,  it  be- 
comes red  by  the  yellow  cone  of  the  flame,  while  the 
blue  cone  renders  it  yellow  ff.  On  charcoal  it  is  im- 
mediately reduced. 


*  Kirwan,  ii.  205.         f  Kirwan.         f  Kirwan,  ii.  203. 
§  See  Hauy,  Jour,  de  Min.  No.  xxxi.  502.  and  Rome  de  Lisle,  Hi,  380. 
||  Bournon,  Nicholson's  Jour.  iv.  220.       **  Pelleticr,  Ann.de  Chim. ix. 56. 
f  (-Ribbentrop,  Ann.  de  Chim.  xxv.  189. 
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Class  IV. 
Order  VIII. 


Crystals. 


Composi- 
tion. 


It  contains  from  .60  to  .85  of  lead,  and  from  .18  to 
.24  of  carbonic  acid.  It  is  generally  contaminated  with 
carbonat  of  time  and  oxide  of  iron. 

Sp.  2.  Murio-carbonat  of  lead. 
For  the  first  description  of  this  ore,  which  has  hither- 
to been  observed  in  Derbyshire  and  the  Hartz  only,  we 
are  indebted  to  the  Count  de  Bournon.  The  primitive 
form  ol"  its  crystals  is  the  cube,  often  lengthened,  and 
the  edges  or  the  angles  not  unfrequently  truncated,  and 
replaced  by  small  planes.  Colour  usually  a  light  straw 
yellow;  sometimes  a  clear  transparent  white,  with  a 
lustre  far  surpassing  common  carbonat  of  lead.  Frac- 
ture glassy,  and  resembling  that  of  precious  stones. 
Scratched  by  carbonat  of  lead.  Specific  gravity  6.065 1*. 
According  to  the  analysis  of  Mr  Chevenix,  it  is  com- 
posed of  85  oxide  of  lead 

8  muriatic  acid 

6  carbonic  acid 


Crystals. 


99  > 

or,  which  is  the  same  thing,  of  59  muriat  of  lead 

40  carbonat  of  lead 


99 1 


S/j.  3.  Phosphat  of  lead  J. 
This  ore,  which  is  found  in  Siberia,  Scotland,  Eng- 
land, Germany,  Carinthia,  Brittany,  &c.  is  sometimes 
amorphous,  and  sometimes  crystallized.  The  primitive 
form  of  its  crystals,  according  to  Rome  de  Lisle,  is  a 
dodecahedron,  consisting  of  a  six-sided  rectangular 
prism,  terminated  by  six-sided  pyramids,  the  sides  of 


*  Bournon,  Nicholson's  Journal,  iv.  32a  f  Ibid.  p.  322. 

}  Kirwan,  ii.  307. 


1 
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which  are  isosceles  triangles  *.  Sometimes  the  pyramids    Genus  in. 

■         1  11  rnl  Species  III. 

are  truncated,  and  even  altogether  wanting.  I  he  cry-  l  -y  ..t 
stals  of  this  ore  are  often  acicular. 

Its  colour  is  commonly  green;  sometimes  yellowish  properties, 
or  brownish,  or  greyish  white;  sometimes  a  fine  yellow. 
Streak  commonly  greenish  white-    Powder  yellowish. 
:  External  lustre,  waxy,  2  to  3.    Somewhat  transparent, 
except  when  its  colour  is  greyish  white.    Hardness  5 
f  to  6.    Brittle.    Specific  gravity  from  5.86  f  to  6.27  %. 
I  Insoluble  in  water  and  sulphuric  acid,  and  nearly  inso- 
luble in  nitric  acid  ;  soluble  in  hot  muriatic  acid,  with 
a  slight  efFervescence  §.    Before  the  blow-pipe  it  easily 
melts  on  charcoal,  and  crystallizes  on  cooling :  with  so- 
1  do  the  lead  is  in  some  measure  reduced. 

The  composition  of  this  ore  was  first  discovered  by 
•  Gahn. 

According  to  Fourcroy's  analysis,  a  specimen  from  Composi- 
Erlenbach  in  Alsace  consists  of  lon" 
96  phosphat  of  lead 
2  phosphat  of  iron 
2  water 


100 


Or  it  contains   79  oxide  of  lead 

1  oxide  of  iron 
18  phosphoric  acid 

2  water 


100  || 


*  Crystal,  iii.  391. — Sec  also  Hauy's  remarks  on  the  same  subject  in 
the  Jour,  dc  Min.  No.xxxi.  506. 
f  Brisson.  \  Klaproth. 

§  Fourcroy,  Ann.  de  Cbim.  ii.  107.  ||  Ibid. 
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O^^vTh  Sp.  4.  Arseniat  of  lead  *. 

y— —1  This  ore,  which  has  hitherto  been  found  only  in  An-, 
dalusia  in  Spain,  and  always  in  quartz  or  feldspar,  is  in 
small  masses.  Colour  meadow  green,  often  passing  into 
wax  yellow.  Lustre  waxy,  2.  Transparency  2.  Be- 
fore the  blow-pipe  it  melts,  and  retains  its  colour,  and 
does  not  crystallize  on  cooling.  When  heated  to  white- 
ness, the  arsenic  acid  escapes,  and  the  lead  is  reduced  f. 
<Sj&.  5.  Arsenite  of  lead. 

This  ore,  which  is  a  compound  of  the  white  oxide  of 
arsenic  and  the  oxide  of  lead,  has  been  lately  found  in 
a  mountain  near  Saint-Prix,  in  the  department  of  the 
Seione  and  the  Loire,  by  Champeaux.  It  is  in  the  state 
of  silky  filaments,  of  a  fine  yellow  colour,  slightly  flex- 
ible, and  very  easily  broken.  Sometimes  in  greenish 
yellow  concretions.  Before  the  blow-pipe  it  is  reduced, 
exhaling  an  arsenical  smell  t. 

Sp.  6.  Arsenio-phosphat  of  lead  §. 

This  ore,  which  has  been  found  in  Auvergne  in 
France,  is  either  in  masses,  or  crystallized  in  small  six- 
sided  prisms,  with  curvilineal  faces. 
Properties.  Colour  yellowish  green,  or  shews  alternate  layers  of 
pale  light  and  green.  Powder  yellowish.  The  crystals 
are  somewhat  transparent ';  but  when  massive,  this  ore 
is  opaque.  Hardness  5  to  7.  Brittle.  Specific  gravity 
6.8465  ||.  Soluble  in  hot  muriatic  acid,  but  not  in  nitric. 
When  heated  it  decrepitates.  Before  the  blow-pipe 
melts  easily,  effervesces,  emits  a  white  smoke,  with  an 
arsenical  smell.  Some  particles  of  lead  are  reduced,  a 
brown  fluid  remains,  which  crystallizes  on  cooling  like 
phosphat  of  lead. 


*  Kirwan,  it.  209.         f  Proust,  Jour,  de  Ptyt.  xxx.  394. 

\  Jour,  de  Min.  No.  lv.  543.         §  Kirwan,  ii.  21:  ||  Brissoi. 
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According  to  Fourcroy,  from  whom  the  whole  of  this    Genus  nr. 

.    .  .     r  Species  VII. 

iescription  has  been  taken,  it  is  composed  of  ...  v 

65  arseniat  of  lead 
27  phosphat  of  lead 
5  phosphat  of  iron 
3  water 


1 00  * 


Sp.  7.  Molybdat  of  lead  f. 
This  ore,  which  is  found  in  Carinthia,  was  first  men- 
tioned in  1 78 1  by  Mr  Jacquin  \.    It  occurs  either  in 
masses,  or  crystallized  in  cubic,  or  rhomboidal,  or  octa- 
hedral plates. 

Its  colour  is  yellow.    Streak  white.    Lustre  waxy.  Properties. 
Generally  somewhat  transparent.     Texture  foliated. 
Fracture  conchoidal.    Hardness  5  to  6.    Specific  gra- 
vity 5.486  §;  when  purified  from  its  gangue  by  nitric 
acid,  5.706  || . 

Soluble  in  fixed  alkalies  and  in  nitric  acid.  Commu- 
nicates a  blue  colour  to  hot  sulphuric  acid.  Soluble  in 
muriatic  acid,  and  decomposed  by  it.  Before  the  blow- 
pipe decrepitates,  melts  into  a  yellowish  grey  mass,  and 
globules  of  lead  are  reduced  %. 

Klaproth  first  proved  that  this  ore  was  molybdat  of 
lead. 

A  very  pure  specimen,  analysed  by  him,  contained  Composi- 
.  64.42  oxide  of  lead 
34.25  molybdic  acid 


tion. 


98.67 


** 


*  Ann.  de  Cbim.  ii.  23. 

f  Kirwan,  ii.  21a.— Klaproth,  Ann.  ie  Cbim.  viii.  103. —  Hatchett,  Phil. 
J rant.  1 796,  p.  285. 

}  In  his  Miscellanea  Austriaca,  VoL  ii-T>-  I39» 

§Macquart.       ||  Hatchett.       1  Macquart.       **  Beitrage,  ji.275. 
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Class  IV.       According  to  the  analysis  of  Mr  Hatchett,  it  is  com- 

OrderlX.  6  7  . 

u— y— — i  posed  of  ...  .  58.40  oxide  of  lead 

38.00  molybdic  acid 
2.10  oxide  of  iron 
.18  silica 

98.78  * 

Macquait  found  a  specimen  to  contain 
58.74  lead 

4.76  oxygen 
28. co  molybdic  acid 

4.50  carbonat  of  lime, 

4.00  silica 

100.00  f 
Its  gangue  is  carbonat  of  lime. 

Sp.  8.    Sulphat  of  lead  J. 

This  ore,  which  is  found  in  Anglesey  and  in  Anda- 
lusia, is  generally  crystallized.  The  crystals  are  regular 
octahedrons  §,  and  very  minute. 

Colour  white.  Lustre. 4.  Transparency  4.  Before 
the  blow-pipe  it  is  immediately  reduced. 

The  composition  of  this  ore  was  first  ascertained  by 
Dr  Withering. 

Sp.  9.  Chromat  of  lead.    See  Order  XXI.  Genus  I. 

Order  IX.    ORES  OF  NICKEL. 

Hitherto  nickel  hasbeen  found  in  too  small  quan- 
tities to  be  applied  to  any  use;  of  course  there  are,  pro- 


*  Tlil.  Trans,  lxxxvi.  323.  f  Jour,  de  Min.  No.  XviL  3"». 

\  Kirwan,  Mm.  ii.  an,  §  Hauy,  Jour,  de  Mm.  No.  xxxi.  jpS. 


OX  I  DC  8.  8<j 

rserly  speaking,  no  mines  of  nickel.    It  occurs  only  (as  Gemsh 
f.far  as  is  yet  known)  in  the  secondary  mountains,  aivd  it  1vpcc^e*l*r 
:ommonly  accompanies  cobalt.    It  has  been  found  im 
different  parts  of  Germany,  in  Sweden,  Siberia,  Spain, 
•France,  and  Britain. 

Genus  I.    Alloys  of  Nickel. 

Sp.  i .    Kupfer  nickel  *.  • 
Alloy  of  nickel  and  arsenic. 
This,  which  is  the  most  common  ore  of  nickel,  oc- 
curs either  massive  or  disseminated,  but  never  crystalli- 
zed. 

Colour  often  that  of  copper,  sometimes  yellowish  PropeaSsE. 
white  or  grey.  Recent  fracture  often  silver  white* 
Lustre  metallic,  2  to  3.  Texture  compact.  Hardness  8. 
Specific  gravity  6.6086  to  6.6481  f.  Soluble  in  nitric 
and  nitro-muriatic  acids.  Solution  green.  Before  the 
blow-pipe  exhales  an  arsenical  smoke,  and  melts  into  a 
bead;  which  darkens  by  exposure  to  the  air.  This  ore, 
when  pure,  is  merely  an  alloy  of  nickel  and  arsenic;  ' 
but  it  frequently  contains  cobalt  and  iron,  and  always  a 
portion  of  pyrites. 

Genus  II.  Oxides  of  Nickel. 
Sp.  1.    Nickel  ochre  J. 

This  mineral  occurs  either  in  the  form  of.  a  powder, 
or  indurated,  and  then  is  either  amorphous,  or  crystalli- 
zed in  acicular-form  crystals.  The  powder  is  generally 
found  cn  the  surface  of  other  nickel  ores. 

Colour  different  shades  of  green.  Lustre  1  to  o.  Prrperitf*. 
Texture  earthy.   Specific  gravity  considerable.  Slowly 


*  Kirwan,  ii.  286. 


f  Brisson. 


}  Kirwan.  il  284. 
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dissolves  in  acids  :  solution  green.  Before  the  blow- 
pipe  does  not  melt ;  but  gives  a  yellowish  or  reddish 
brown  tinge  to  borax. 

This  ore  often  contains  sulphat  of  nickel,  which  is 
soluble  in  water.  The  solution,  when  evaporated,  gives 
oblong  rhomboidal  crystals,  from  which  alkalies  preci- 
pitate a  greyish  green  oxide.  This  oxide  is  soluble  by 
acids  and  by  ammonia.  The  acid  solution  is  green  ; 
the  alkaline  blue. 

Genus  III.    Salts  of  Nickel. 

Sf>.  i.    Arseniat  of  nickel  *. 

This  ore,  which  was  lately  discovered  at  Regendorff 
by  Mr  Gmelin,  is  found  in  shapeless  masses,  and  is  of- 
ten mixed  with  plates  of  sulphat  of  harytes. 
Properties.  Colour  pale  grey,  here  and  there  mixed  with  pale 
green.  Streak  white.  Lustre  o.  Texture  compact. 
Hardness  7.  Difficultly  frangible.  Specific  gravity 
considerable.  Adheres  slightly  to  the  tongue,  and  gives 
an  earthy  smell  when  breathed  on.  Soluble  in  hot  ni- 
tric and  muriatic  acids  :  solution  green. 

Contains  some  cobalt  and  alumina.  The  green  ef- 
florescence which  appears  on  kupfer  nickel  is  arseniat 
of  nickel. 

Order  X.    ORES  OF  ZINC. 

Ores  of  zinc  are  very  abundant ;  they  generally  ac- 
company lead  ores,  particularly  galena-  Calamine,  cr 
oxide  of  zinc,  has  never  been  discovered  in  the  primi- 
tive mountains. 


Class  IV. 
Order  X. 


*  Kirwan,  ii.  285. 
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Genus  T.    Sulphurets  of  Zinc.  Genus  i. 

Sp.  I.    Blende* — Sulphurated  oxide  of  zinc.  tJL^llj 

This  ore  very  commonly  acccompanies  sulphuret  of 
lead.  It  occurs  both  in  amorphous  masses  and  crystal- 
lized. The  primitive  form  of  its  crystals  is  a  rhomboi-  Cl7stak 
dal  dodecahedron,  consisting  of  a  six-sided  prism,  termi- 
nated by  three-sided  pyramids.  All  the  faces  of  the 
crystals  are  equal  rhombs. .  This  dodecahedron  may  be 
mechanically  divided  into  four  equal  rhcmboidal  paral- 
lelopipeds,  and  each  of  these  into  six  tetrahedrons,  whose 
faces  are  equal  isosceles  triangles.  The  figure  of  its  in- 
tegrant particles  is  the  tetrahedron,  similar  to  thesef* 

The  principal  varieties  of  its  crystals  are  the  tetrahe- 
dron ;  the  octahedron  ;  the  octahedron  with  its  edges 
wanting  ;  a  24 -sided  crystal,  12  of  whose  faces  are  tra- 
pezoids, and  12  elongated  triangles  ;  and,  lastly,  a  28- 
sided  figure,  which  is  the  last  variety,  augmented  by 
four  equilateral  triangles  £f  , 

Colour  yellow,  brown,  or  black.  Streak  reddish,  Properties' 
brownish,  or  grey.  Lustre  commonly  metallic.  Ge- 
nerally somewhat  transparent.  Texture  foliated.  Hard- 
ness 6  to  8.  Specific  gravity  3.93  §  to  4.1665  ||.  Be- 
fore the  blow-pipe  decrepitates,  and  gives  out  white 
flowers  of  zinc,  but  does  not  melt.  Borax  does  not  af- 
fect it.  When  breathed  upon,  loses  its  lustre,  and  re- 
covers it  very  slowly 

Variety  1.    Yellow  blende. — Colour  commonly  sul-  Varieties, 
phur  yellow,  often  passing  into  olive  green  or  brown- 
ish red.    Powder  pale  yellow.    Streak  yellowish  or 


*  Kirw.  ii.  238. — Berg.  ii.  329.  |  Hauy,  Jour,  it  Min.  No.  xxxiii.  669. 
\  Sec  Hauy,  Ibid,  and  Rome  de  Lisle,  iii.  65.  §  Gellcrt. 

I  Brisson.  \  Hauy,  Jour,  de  Min.  No.  xxxiii.  669. 
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Class  IV.  reddish  grey,  not  metallic.  Lustre  metallic.  Transpa- 
rency  2  to  4.  Often  phosphoresces  when  scraped  or 
rubbed*. 

According  to  Bergman,  it  is  composed  of 
64  z.inc 
20  sulphur 

5  iron 
4  flu  or  acid 
1  silica 

6  water 


ioof 

Variety  2.  Brown  blende.  Colour  different  shades 
of  brown.  Surface  often  tarnished.  Powder  brown- 
ish grey.  Streak  reddish  or  yellowish  grey,  not  me- 
tallic. Lustre  commonly  metallic.  Transparency  o 
to  2. 

A  specimen  of  this  variety,  analysed  by  Bergman, 

contained  44  zinc 

17  sulphur 
24  silica 

5  iron 
5  alumina 
.  5  water 


100 


Variety  3.  Black  blende — Colour  black,  or  brown- 
ish black  ;  surface  often  tarnished  blue  ;  tips  of  the 
crystals  often  blood  red  Powder  brownish  black. 
Streak  reddish,  brownish,  or  grey.  Lustre  common  or 
metallic.  Transparency  o  to  1  j  the  red  parts  2.  Hard- 
ness 8. 


*  Bergman,  ii.  345. 


f  Ibid.  347. 


%  Ibid.  333. 
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A  specimen  of  this  variety,  analysed  by  Bergman,  ^V5"- 

contained  52  zinc 

26  sulphur 
4  copper 
8  iron 
6  silica 
4  water 


100* 


Gunus  II.    Oxides  of  Zinc. 
Sp.  1.    White  oxide  of  zincf. 
Calamine. 

This  ore  is  either  found  loose,  or  in  masses,  or  cry- 
stallized. The  primitive  form  of  its  crystals  appears,  Crystals, 
from  the  mechanical  division  of  one  of  them  by  Mr 
Hauy,  to  be  an  octahedron  composed  of  two  four- 
sided  pyramids,  whose  sides  are  equilateral  triangles  |. 
But  the  crystals  are  minute,  and  their  figure  not  very 
distinct.  They  are  either  four  or  six  sided  tables  with 
bevelled  edges,  six-sided  prisms,  or  three-sided  pyra- 
mids. 

Colour  commonly  white,  grey,  or  yellow.  Lustre  Properties, 
often  o,  sometimes  2  or  1.  Opaque.  The  crystals 
are  somewhat  transparent.  Hardness  from  4  to  9, 
sometimes  in  powder.  Specific  gravity  from  2.585  to 
3  674  §.  When  heat  d,  becomes  electric,  without  fric- 
tion, like  the  tourmaline  ||.  Not  blackened  by  sulphu- 
ret  of  ammonia.  Soluble  in  sulphuric  acid.  Before 
the  blow-pipe  decrepitates,  and  does  not  melt. 


*  Bergman,  ii.  335.  f  Kirwan,  ii.  433.— Bergman,  ii.  321. 

$  Jour,  tic  M  n.  Nc-xxxii.  59^).       §  Kirwan. 
U  Hauy,  Jour,  de  Mm.  No.  xxxii.596. 
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Class  IV.       This  ore  consists  of  oxide  of  zinc  more  or  less  conta- 

Order  X.  ... 

»—  v  *  ->  minated  with  iron,  silica,  lime,  and  other  foreign  m- 
ComposI-     gredients.    In  one  specimen  Bergman  found  the  fol- 
lowing ingredients  :   84  oxide  of  zinc 

3  oxide  of  iron 
12  silica 
1  alumina 


100* 


In  another  specimen,  which  gelatinized  with  acids, 
.  like  zeolite,  Klaproth  found  66  oxide  of  zinc 

33  silica 


99 

In  another  specimen,  analysed  by  Pelletier,  the  con- 
tents were  52  silica 

36  oxide  of  zinc 
12  water 


ioof 

Mr  Kirwan  has  divided  this  species  into  three  vari- 
ties. 

Varieties.  '  Variety  i.  Friable  calamine. — In  masses  which  easily 
crumble  between  the  fingers.  Lustre  o.  Opaque. 
Texture  earthy.  When  its  colour  is  white,  it  is  pure 
oxide  of  zinc  ;  when  yellow,  it  is  mixed  with  oxide  of 
iron.  The  white  often  becomes  yellow  when  placed  in 
a  red  heat,  but  resumes  its  colour  on  cooling.  Com- 
mon in  China,  where  it  is  called  wohan  or  ore  of  Tu- 
tenago. 

Variety  2.     Compact  calamine. — Colour  different 


•  Bergman,  ii.  323. 


f  Jour,  de  Pbys.  XT.  418. 


SALTS. 
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hades  of  grey ;  sometimes  yellow  or  brownish  red.    Genus  ut 

n  m  Species  II. 

..ustre  o.  Opaque.  1  cxture  compact. 
Variety  3.  Striated  calamine.— This  variety  alone  is 
und  crystallized  ;  but,  like  the  others,  it  is  also  often 
morphous.  Colour  white,  and  also  various  shades  of 
rey,  yellow,  and  red.  Somewhat  transparent.  Texture 
triated.     Lustre  2  to  1. 


Genus  III.    Salts  ofZinc. 

Sp.  1.    Sulphat  of  zinc. 
This  salt  is  usually  in  a  state  of  solution,  and  there- 
fore belongs  properly  to  mineral  waters.    Its  properties 
have  been  described  in  the  First  Part  of  this  Work. 
Sp,  2.    Carbonat  or  zinc. 
This  species  possesses  the  external  character  of  cala- 
mine, but  differs  from  that  ore  in  containing  carbonic 
icid.    It  is  soluble  with  effervescence  in  nitric  and  mu- 
riatic acids  *. 


Order  XI.    ORES  OF  ANTIMONY. 

Ores  of  antimony  are  found  abundantly  in  Ger- 
many, Hungary,  France,  Spain,  Britain,  Sweden,  Nor- 
way, &c.  They  often  accompany  galena  and  haematites. 
They  are  found  both  in.  the  secondary  and  primitive 
stratified  mountains.  Their  gangue  f  is  often  quartz 
and  sulphat  of  barytes. 


*  Fourcroy,  v.  367. 

f  The  word  gang  is  used  by  German  mineralogists  to  denote  a  me- 
t  tallic  vein.    Now,  it  is  not  often  that  these  veins  consist  entirely  of  ore  ; 
i  in  general  they  contain  stony  matter  besides.  For  instance,  in  the  copper 
1  mine  at  Airthry,  near  Stirling,  the  copper  ore  is  merely  a  narrow  stripe 
in  the  middle  of  the  vein,  and  the  rest  of  it  is  filled  up  with  sulphat  of 


96  '  ORES  OF  ANTIMONY. 

ctwiv.  Genus  I.    Alloys  of  Antimont. 

OnSoXf.  <      .  * 

.  w     1  Sp.  1.    Native  antimony  T. 

This  mineral,  whieh  was  first  discovered  by  Dr  Swab, 
has  been  found  in  Sweden,  France,  and  different  parts 
of  Scotland,  both  in  masses  and  kidney-shaped  lump* 
properties.  Colour  white,  between  that  of  tin  and  silver.  Lustre 
metallic.  Texture  foliated.  Hardness  6.  Specific 
gravity  above  6.  Deflagrates  with  nitre.  Before  the 
blow-pipe  melts  and  evaporates,  depositing  a  white 
oxide  of  antimony. 

It  consists  of  antimony  alloyed  with  3  or  4  per  cent. 
of  arsenic. 

Genus  II.    Sulphurets  of  Antimony. 

Sf>.  1.    Grey  ore  of  antimony  f. 
This  ore,  which  is  the  most  common,  and  indeed  al- 
most the  only  ore  of  antimony,  occurs  both  massive* 
Crystals.      disseminated,  and  crystallized.  Its  crystals  are  four-sided 
.  prisms,  somewhat  flattened,  whose  sides  .are  nearly  rect- 
angles, terminated  by  short  four-sided  pyramids,  whose 
sides  are  trapeziums  %.  Sometimes  two  of  the  edges  are 
wanting,  which  renders  the  prism  six-sided  §. 
Properties.       Colour  grey.  Lustre  metallic.  Streak  grey,  metallic, 
and  brighter.    Powder  black  or  greyish  black.  Hard- 
ness 6  to  7.    Specific  gravity  from  4.1327  to  4.516  H» 
Often  stains  the  fingers.    Before  the  blow-pipe  melts 
easily,  burns  with  a  blue  flame,  and  deposits  a  white 


barytes.  We  use  the  word  gangue  (as  the  French  do),  to  denote,  not  the 
metjll.'c  vein,  but  the  stony  matter  which  accompanies  the  ore  in  the  vein. 
The  gangue  of  the  copper  ore  at  Airthry  is  sulphat  of  baryies. 

*  Kipvan,  ii  245.  f  Ibid.  Z47.  \  Rome  de  Lisle,  iii  49. 

§  Ibid.— See  also  Hauy,  Jour,  de  Mix.  No.  nrii.  606. 

\  Brisson. 


ALLOYS. 

I  Dxide  on  the  charcoal.  "When  placed  in  an  open  ves- 
sel, over  a  slow  fire,  the  sulphur,  evaporates,  and  leaves 

I I  grey  oxide  of  antimony.    This  oxide,  if  fused  with 
<l  mar,  is  reduced. 

This  ore,  when  taken  out  of  the  mine,  almost  always 
B.:ontains  a  large  proportion  of  quartz  or  other  stony 
s  \atter.    When  pure,  it  is  composed  of  about 

74  antimony 
26  sulphur 

IOO-"' 

Werner  has  divided  this  species  into  three  varieties.  Varieties. 
Variety  1.    Compact  sulphuret. — Colour  bluish  grey, 
urface  often  tarnished,  and  then  it  is  blue  or  purplish, 
^ustre  x  to  2.    Texture  compact.    Fracture  fine  grain- 
i  d,  uneven.    Powder  black,  dull,  and  earthy.  Slightly 
.tains  the  fingers.  • 

Variety  2.    Foliated  sulphuret. — Colour  light  steel 
rey.    Lustre  3  to  4.    Texture  foliated.    Powder  as 
i.hat  of  the  last  variety. 

Variety  3.    Striated  sulphuret.    Colour  dark  steel 
rey,  and  light  bluish  grey ;  surface  often  tarnished, 
nd  then  it  is  dark  blue  or  purplish.    Lustre  3  to  2. 
rexture  striated.    Powder  greyish  black.   This  variety 
lone  has  been  hitherto  found  crystallized. 

Sp.  2.    Red  antimonial  ore  *. 
Hydrosulphuret  of  antimony. 
This  species  is  generally  found  in  cavities  of  sulphu- 
:ated  antimonial  ore.    It  is  crystallized  in  delicate 
eedles,  often  diverging  from  a  common  centre. 
Colour  red.    Lustre  2,  silky.    Specific  gravity  4.7. 


97 


Genus  II. 
Specks  I. 


Vol.  IV. 


*  Kirwan,  ii.  250. 
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ORES  OF  ANTIMONY. 


OrdVxi  ^e^orc  tne  blow-pipe  melts  easily,  and  evaporates  with 
v— — v~ —  a  sulphureous  smell. 

This  ore  has  not  been  analysed.  Mineralogists  have 
supposed  it  to  be  a  natural  kermes.  If  so,  we  may  con- 
clude, from  the  experiments  of  Bertholiet  *,  that  it  is  a 
hydrosulphuret  of  antimony,  and  consequently  compo- 
sed of  oxide  of  antimony,  sulphur,  and  sulphurated  hy- 
drogen gas. 

Sp.  3.  Plumose  antimonial  oref. 
Sulphurets  of  antimony  and  arsenic. 
This  species,  which  is  sometimes  found  mixed  with 
the  crystals  of  sulphurated  antimony,  is  in  the  form  of 
brittle,  capillary,  or  lanuginous  crystals,  often  so  small 
that  they  cannot  be  distinctly  seen  without  a  micro- 
scope. 

Properties,  Colour  steel  or  bluish  grey,  often  tarnished,  and  then 
brown  or  greyish  black.  Lustre  i,  semimetallic.  Be- 
fore the  blow-pipe  emits  a  smoke,  which  deposits  a 
whitish  and  yellowish  powder  on  the  charcoal :  it  then 
melts  into  a  black  slag. 

It  is  supposed  to  consist  of  sulphur,  antimony,  arse- 
nic, and  some  silver. 

Genus  III.    Oxides  of  Antimony. 

There  is  a  substance  found  incumbent  on  sulphuret 
of  antimony,  of  a  yellow  colour,  and  an  earthy  appear-, 
a'nee,  which  has  been  supposed  an  oxide  of  antimony, 
and  denominated  antimonial  ochre.  But  hitherto  it 
has  not  been  analysed. 


*  Ann.  dt  Cbim.  SXV.  259. 


f  Kirwan,  ii.  ajo. 
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Genus  IV.    Salts  of  Antimony.  Genus iv. 

•  hit     •        r        •  Species  I. 

Sp.  i.    Muriat  or  antimony  *.  i— -y— j 
This  ore,  which  has  been  found  in  Bohemia,  is  some- 
;mes  in  quadrangular  tables;  sometimes  in  acicular 
:rvstals  grouped  like  zeolites;  and  sometimes  in  prisms. 

Colour  pale  yellowish  or  greyish  white.  Lustre  3  to  properties. 
,  nearly  metallic.  Transparency  2.  Texture  foliated, 
vlelts  easily  by  the  flame  of  a  candle,  and  emits  a 
Wiite  vapour  f.  Before  the  blow-pipe  decrepitates; 
./hen  powdered,  and  just  ready  to  melt,  it  evaporates, 
nd  leaves  a  white  powder  around.  Between  two  pieces 
F  coal  it  is  reducible  to  a  metallic  state. 

Order  XII.    ORES  OF  BISMUTH  %. 

Bismuth  has  been  found  only  in  the  primitive 
fountains,  and  is  by  no  means  common.  "When  unac- 
>mpanied  by  any  other  metal,  it  does  not  form  veins, 
it  kidney-form  masses.  It  often  accompanies  cobalt, 
s  gangue  is  commonly  quartz.  Its  ores  are  not  very 
mndant.  They  have  been  found  cjiiefly  in  Sweden, 
orway,  Transylvania,  Germany,  France,  and  England. 

Genus  I.    Alloys  of  Bismuth. 

Sp.  1.    Native  bismuth  §. 
This  mineral,  which  is  found  at  Shneeberg,  Johan- 
:orgenstadt,  &c.  in  Germany,  has  commonly  the  form 
small  plates  lying  above  one  another.    Sometimes  it 
crystallized  in  four-sided  tables,  or  indistinct  cubes. 


•  *  Kirwan,  ii.  251.  f  Hauy,  Jour  de  Min.  No.  xxxii.  609. 

t  Pott,  Oistrv.  Cl/ym.  134.— GcofTroy,  Mem.  Par.  1753,  p.  296. 
§  Kinvan,  ii.  264. 
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ORES  OF  BISMUTH. 


Class  IV.  Colour  white  with  a  shade  of  red  ;  surface  often  tar- 
Order  XII. 

^— v         nished  red,  yellow,  or  purple     Lustre  metallic,  3  to  2, 

Opaque.  Texture  foliated  or  striated.  Hardness  6J 
Specific  gravity  9.022*  to  9.57  f.  Exceedingly  fusiblej 
Before  the  blow-pipe  gives  .i  silvery  white  bead,  and  at 
last  evaporates  in  a  yellowish  white  smoke,  which  is  de- 
posited on  the  charcoal. 

It  is  generally  accompanied  by  cobalt,  and  sometimes 
contains  arsenic.  % 

Genus  II.    Sulphurets  of  Bismuth. 

Sp-  I.    Common  sulphuret  of  bismuth  J. 
This  ore,  which  is  found  in  Sweden,  Saxony,  and 
Bohemia,  occurs  sometimes  in  amorphous  masses,  and 
sometimes  in  needleform  crystals. 
Properties.       Colour  commonly  bluish  grey,  sometimes  white ; 

surface  often  tarnished  yellow,  red,  and  purple.  Powder 
black  and  shining.    Lustre  metallic,  2  to  3.  Streak 
obscurely  metallic.     Texture  foliated.    Hardness  5. 
Brittle.   Specific  gravity  6. 131  §  to  6.4672  fl.  Wheni 
held  to  the  flame  of  a  candle,  it  melts  with  a  blue  flainej 
and  sulphureous  smell.    Before  the  blow-pipe  emits  u 
reddish  yellow  smoke,  which  adheres  to  the  charcoal. 
This  powder  becomes  white  when  it  cools,  and  resumes 
its  former  colour  when  the  flame  is  directed  upon  it^f.  1 
Composi-     -'  This  ore,  according  to  Sage,  contains      60  bismuth. 

And  according  to  La  Perouse,  it  holds       36  sulphur 
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*  Brisson.  f  Kirwan. 

}  Kirwan,  ii.  266.—  Sage,  Mem  Par.  178a,  307.  §  Kirwan. 

||  Brisson.  \  GUlot,  Jour.  Jc  Min.  NcxxxiL  585. 


OXIDES.  1CI 

A  specimen,  analysed  by  Klaproth,  contained  Genus  i. 

b,  Species  I. 

ismuth 

5  sulphur 


IOO  * 


It  is  commonly  accompanied  by  quartz,  asbestus,  or 
:parry  iron  ore. 

Genus  III.    Oxides  of  Bismuth. 

Sp.  i.    Yellow  oxide  of  Bismuth  f. 
Bismuth  ochre. 
This  ore  generally  accompanies  the  two  species  al- 
ready described.    It  is  found  in  two  states ;  either  of 
n  earthy  consistence,  or  crystallized  in  cubes  or  qua- 
drangular plates. 

Colour  usually  greenish  yellow,  sometimes  grey.  So- 
luble in  nitrous  acid  without  effervescence,  and  may  in 
i  great  measure  be  precipitated  by  the  affusion  of 
water. 

Order  XIIT.    ORES  OF  TELLURIUM. 

Hitherto  tellurium  has  only  been  found  in  Tran- 
sylvania.   It  occurs  in  three  different  mines  ;  that  of 
7atzbay,  Offenbanya,  andNagyag;  which  are  consider- 
d  as  gold  mines,  because  they  contain  less  or  more  of 
:hat  metal.    Its  gangue  is  commonly  quartz.' 

Genus  I.    Alloys  of  Tellurium. 

Sp.  i.  White  gold  ore  of  Fatzbay. 
Alloy  of  tellurium  and  iron  with  some  gold. 
This  species  is  generally  massive.    Its  colour  is.be- 


*  Beitrage,  1.256.  t  Kirwan,  ii.  465. 
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ORES  OF  TELLURIUM. 


_cl,a8S  J,Y;,  tween  tin  white  and  lead  grey.  Lustre  considerable,  me- 
Order  XIH.        ,  6    J  7 

K-— ~v— — '  tallic.    Texture  granular*. 

Composi-  According  to  Klaproth's  analysis,  it  is  composed  of 
tion. 

72.0  iron 
25.5  tellurium 
2.5  gold 

100. cf 

Sp.  2.   Graphic  golden  ore  of  OfFenbanya. 
'Tellurium  alloyed  with  gold  and  silver. 
This  ore  is  composed  of  flat  prismatic  crystals  ;  the 
arrangement  of  which  has  some  resemblance  to  Turkish 
letters.    Hence  the  name  of  the  ore. 
Properties.       Colour  tin  white,  with  a  tinge  of  brass  yellow  \. 

Lustre  metallic,  3.  Hardness  4  to  5.  Brittle.  Spe- 
cific gravity  5.723.  Before  the  blow-pipe  decrepitates, 
and  melts  like  lead.  Burns,  with  a  lively  brown  flame 
and  disagreeable-smell,  and  at  last  vanishes  in  a  white 
smoke,  leaving  only  a  whitish  earthy. 
Composi-        According  to  Klaproth's  analysis,  it  is  composed  of  I 

60  tellurium 
30  gold 
10  silver 


100 1| 

;  The  yellow  gold  ore  of  Nagyag  would  belong  to  this 
species  were  it  not  that  it  contains  lead.  Its  composi- 
tion, according  to  Klaproth's  analysis,  is  as  follows : 


*  Ann.  de  Cbim.  xxv.  347.  \  Ibid.  280. 

t  Ibid.  328.  \  De  Dorn,  Kirwan,  ii.  101. 

||  Ann.  de  Cbim.  XXV.  a8o. 


ALLOYS. 

45.0  tellurium 
27.0  gold 
19.5  lead 
8.5  silver 
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Genus  I. 
Species  III. 


100.0  and  an  atom  cf  sulphur  * 

Sj>.  3.    Grey  foliated  gold  ore  of  Nagyag. 
This  ore  is  found  in  plates  of  different  degrees  of 
•ithickness,  adhering  to  one  another,  but  easily  sepa- 
rable :  these  are  sometimes  hexahedral,  and  often  accu- 
mulated so  as  to  leave  cells  between  them. 

Colour  deep  lead  grey,  passing  to  iron  black,  spotted,  properties. 
I  Lustre  metallic,  moderate.    Texture  foliated;  leaves 
slightly  flexible  f.  Hardness  6.  Specific  gravity  8.919. 
Stains  the  fingers.  Soluble  in  acids  with  effervescence |. 
According  to  Klaproth,  it  is  composed  of 
50.0  lead 
33.0  tellurium 
8.5  gold 
7.5  sulphur 
1.0  silver  and  copper 


Composi- 
tion. 


100.0  § 


♦  Order  XIV.    ORES  OF  ARSENIC. 

Arsenic  is  scattered  in  great  abundance  oyer  the  mi- 
neral kingdom,  accompanying  almost  every  other  metal, 
and  forming  also  sometimes  peculiar  veins  of  its  own. 
Of  course  it  occurs  in  almost  every  species  of  mountain, 
and  is  accompanied  by  a  variety  of  gangues. 


*  jinn,  dc  Ci-im.  xxv.  20c.  t  Klaproth,  Ibid.  p.  329. 

\  Dc  Born,  Kirwan,  ii.  of.  §  Ann.  dc  dim.  xxv.  280. 
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0KES  OF  ARSENIC. 


Class  IV. 

Order  XIV.  ,      GENUS  I.    ALLOYS  OF  ARSENIC. 

Sj>.  I.    Native  arsenic*. 

This  mineral  is  found  in  different  parts  of  Germany,,, 
It  occurs  generally  in  masses  of  various  shapes,  kidney- 
form,  botryoidal,  &c. 
Properties.       Colour  that  of  steel.  Its  surface  quickly  becomes  tar- 
nished by  exposure  to  the  air.    Lustre  metallic  (when! 
fresh),  3  to  2.  Streak  bluish  grey,  metallic,  and  bright. 
Powder  dull  and  black     Texture  compact.  Hardness 
7  to  8.    Brittle.    Specific  gravity  5.67 -f-  to  5.7249  J. 
Gives  an  arsenical  smell  when  struck.     Before  the] 
blow-pipe  emits  a  wbite  smoke,  diffuses  a  garlic  smell, 
burns  with  a  blue  flame,  gradually  evaporates,  deposit- 
ing a  white  powder. 

It  is  always  alloyed  with  some  iron  §,  and  often  con- 
tains silver,  and  sometimes  gold. 

Genus  II.  Sulphurets  or  Arsenic. 

Sp.  r.  Realgar  || . 
This  mineral  is  found  in  Sicily,  about  Mount  Vesu 
vius,  in  Hungary,  Transylvania,  and  various  parts  o 
Crystals.  Germany.  It  is  either  massive  or  crystallized.  Th 
primitive  form  of  the  crystals  is,  according  to  Rom 
de  Lisle,  a.  four-sided  rhomboidal  prism,  terminated  b 
four-sided  pyramids,  the  sides  of  which  are  rhombs  f 
It  commonly  appears  in  4,  6,  8,  to,  or  12  sided  prism- 
terminated  by  four-sided  summits  **. 


*  Kirwan,  ii.  255.  +  Kirwan. 

§  De  E*orn,  C.:tal.  of  M.  Raab,  ii.  194. 
||  Kirwan,  ii.  261. — Bergman,  ii^.  297.  ^ 
^  Cryitatt.  iii.  34.  *  *  Ibid. 


f  Brisson. 


SULPHURETS.  In 

5 

J  .  Colour  red.    Streak  yellowish  red.  Powder  scarlet.    Genus  II 
I  ustre  3  to  2.    Transparency  from  2  to  3  ;  sometimes    Species  II. 
I .    Hardness  5  to  6.    Specific  gravity  3.3384  *,     It  Properties. 
I:  an  electric  per  se,  and  becomes  negatively  electric  by 
l.iction  f .    Nitric  acid  deprives  it  of  its  colour.  Be- 
I'jre  the  blow-pipe  it  melts  easily,  burns  with  a  blue 
I  ime  and  garlic  smell,  and  soon  evaporates. 

Sp.  2.    Orpiment  %. 
Auripigmentum. 
This  ore,  which  is  found  in  Hungary,  Wallachia, 
i  reorgia,  and  Turkey  in  Asia,  is  either  massive  or  cry- 
■  :allized.    The  crystals  are  confused,  and  their  figure 

annot  be  easily  determined  ;  some  of  them  appear  oc- 

ihedrons,  and  others  minute  four-sided  prisms. 
Its  colour  is  yellow.    Streak  orange  yellow.    Lustre  properties. 

raxy,  2  to  3.    Transparency  from  o  to  2.  Texture 

mated,     Hardness  4  to  8.     Specific  gravity  from 

.048$,  to  3.521 1| .    Effervesces  with  hot  nitric  acid. 

•urns  with  a  bluish  white  flame.  Before  the  blow- 
l  ipe  melts,  smokes,  and  evaporates,  leaving  only  a  little 

arth  and  some  traces  of  iron. 

Genus  III.    Oxides  of  Arsenic. 

Sp.  I.    White  oxide  of  arsenic^. 
Native  calx  of  arsenic. 
This  or?  is  found  in  various  parts  of  Germany,  Hun- 
gry, &cc.  either  in  powrder,  or  massive,  or  crystallized 
n  prismatic  needles. 


.*  Brisson.  f  Hauy,  Jour,  de  Min.  No.  xxxii.  613. 

f  Kirwan,  ii.  260. — Alberli  de  Auripigmento. — Scopoli  in  anno  £to  Hist. 
\ut.  p. 5... — Bergman,  ii.  297. 
§  Kirwan.  II  Gellert. 

f  Kirwan,  ii  258. — Bergman,  ii.  285. 
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ORES  OF  COBALT. 


Order XV  Colour  white  or  grey,  often  with  a  tint  of^red,  yel-j 
low,  green,  or  black.  Lustre  common,  i  to  2.  TransJ 
parency  i  to  o ;  when  crystallized,  2.  Texture  earthyj 
Hardness  6.  Brittle.  Specific  gravity  3.7  *.  Solubld 
in  hot  diluted  nitric  acid  without  effervescence.  So- 
luble at  60 e  Fahrenheit  in  80  times  its  weight  of  water  J 
Before  the  blow-pipe  sublimes,  but  does  not  inflame.] 
Tinges  borax  yellow. 

Genus  IV.  Salts. 

Sp.  1.   Arseniat  of  lime. — See  Class  I.  Order  II.  Ge- 
nus I. 

Sp.  2.  Arseniat  of  copper. — See  Class  IV.  Order  V. 
Genus  IV. 

Sp.  3.   Arseniat  of  iron. —  See  Class  IV.  Order  VI. 
Genus  VI. 

Sp.  4.  Arseniat  of  lead. — See  Class  IV.  Order  VIII. 
Genus  III. 

Sp.  5.  Arseniat  of  nickel. — See  Class  IV.  Order  IX. 
Genus  III. 

Sp.  6.  Arseniat  of  cobalt.-r-See  Class  IV.  Order  XV. 
Genus  IV. 

Order  XV.    ORES  OF  COBALT. 

Cobalt  ores  are  found  almost  exclusively  in  the  stra- 
tified mountains,  except  one  species,  sulphurtt  of  co- 
balt, which  affects  the  primitive  mountains.    They  are 
not  very  abundant ;  and  for  that  reason  cobalt  is  more' 
valuable  than  many  of  the  other  metals  which  have  been! 
already  treated  of.    They  are  commonly  accompanied! 


*  Kirwan. 


ALLOYS, 

nickel, bismuth,  or  iron.*  They  are  most  abundant 
It  Germany,  Sweden,  Norway,  and  Hungary;  they  have 
[  en  found  also  in  Britain  and  France,  but  not  in  any 
teat  quantity. 

Genus  I.    Alloys  of  Cobalt. 

Sj>.  i.  Cobalt  alloyed  with  arsenic  *„ 
Dull  grey  cobalt  ore. 
"This  ore,  which  occurs  in  different  parts  of  Germa- 
\ft  is  either  amorphous  or  crystallized.    The  forms  of 

;  crystals  are  the  cube  ;  sometimes  the  cube  with  its 
■igles,  or  edges,  or  both  wanting  ;  and  the  octahe- 
W*t.         '  **>«*W>r>ri   •  u 

Its  colour,  when  fresh  broken,  is  white  or  bluish  rjopertiet, 
:ey,  sometimes  with  a  shade  of  red  ;  when' exposed  to 
te  air  it  soon  becomes  tarnished.  Streak  bluish  grey 
id  metallic.  Lustre  scarcely  metallic,  o  to  i.  Tex- 
nre  compact.  Hardness  10.  Difficultly  frangible.  Spe- 
Ific  gravity,  when  amorphous,  5.309  to  5  571 };  when 
<ystallized  7.7207  §.    When  struck  it  gives  out  an  ar- 

nical  smell.    Before  the  blow  pipe  it  emits  an  ar- 
rnical  vapour,  becomes  magnetic,'  and  melts  easily,  un- 
;ss  it  contains  a  great  quantity  of  iron.    Tinges  borax 
ark  blue,  and  a  small  metallic  bead  is  obtained. 

A  specimen  of  this  ore  from  Cornwall,  examined  by  Composi- 
Ir  Klaproth,  contained  20  cobalt  .  i0n' 

24  iron 
33  arsenic 

77 

kith  some  bismuth  and  stony  matter  ||. 
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Genus  J. 
Species  L 
1  „  / 


*  Kinvan,  ii.  270.  -j-  Rome  de  Lisle,  iii.  123. 

4  Kirwan,  ii/270.  §  Hauy,  Jour,  de  Min.  No.  rxsjx.  j88. 

\\  Klaproth'*  Cornwall,  p.  6l. 
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ORES  OF  COBALT. 


Class  IV. 
Order  XV. 


Propertias. 


Composi- 
tion. 


Genus  II.    Sulphurets  of  Cobalt. 
Sp.  i.    White  cobalt  ore  *. 
Sulphuret  of  cobalt,  arsenic  ^  and  iron. 
The  descriptions  which  different  mineralogists  have, 
given  of  this  ore  are  so  various,  that  it  is  impossible  not  : 
to  suppose  that  distinct  substances  have  been  confound- 
ed together. 

It  occurs  either  in  masses,  or  crystallized  in  cubes, 
dodecahedrons,  octahedrons,  and  icosahedrons. 

Colour  tin  white,  sometimes  tarnished  reddish  or  yel- 
lowish. Powder  steel  grey.  Lustre  partly  metallic,  and 
from  2  to  4  ;  partly  o  or  i .  Texture  foliated  Hard- 
ness 8  to  9.  Specific  gravity  from  6.284  \  to  6.4509  \. 
Before  the  blow-pipe  generally  gives  out  an  arsenical  va- 
pour, and  does  not  melt. 

The  analyses  that  have  been  given  of  this  ore  are  ve-i 
ry  various.  Sometimes  it  has  been  found  to  contain 
no  arsenic  nor  iron,  and  sometimes  to  contain  both.  A 
specimen  from  Tunaberg  in  Sweden,  which  ought  to 
belong  to  this  species,  was  analysed  by  Tassaert,  and 
found  to  consist  of  .  .  49.0  arsenic 

36.7  cobalt 
5.6  iron 
6.5  sulphur 


97-8$ 

Klaproth  found  a  specimen  of  the  same  ore  to  con- 
tain  55-5  arsenic 

44.0  cobalt 
0.5  sulphur 


ico.o  II 


*  Klrwan,  ii.  273. — Sage  Jour,  dc  Pbys.  xxxix.  53.      f  Kirwan. 
%  Hauy.  §  Ann.  dc  Chim.  xxviii.  joo.  jj  Beitrage,  ii.  307. 


OXIDES.  I09 

GenusIII.    Oxides  of  Cobalt.  ©enusiii. 

_  t«  1    1       1   1  .  Species  L 

Sp.  i.  Black  cobalt  ore  or  ochre  *.  y— — 

This  ore,  which  occurs  in  different  parts  of  Germa- 

y,  is  either  in  the  form  of  a  powder,  or  indurated. 

Colour  black,  often  with  a  shade  of  blue,  grey,  brown, 

r  green.    Lustre  o  to  1.    Streak  brighter.  Hardness 

of  the  indurated)  from  4  to  8.  Specific  gravity  3  to  4. 

•oluble  in  muriatic  acid.    Tinges  borax  blue. 

Sp.  1.    Brown  cobalt  ore  f . 

Colour  greyish  or  dark  leather  brown.    Streak  bright- 

r,  unctuous.    Communicates  a  pale  blue  tinge  in  fu- 

ion. 

Sp.  3.    Yellow  cobalt  ore  J. 
Colour  yellow.    Dull  and  earthy.    Hardness  4  to  5. 
Texture  earthy.    Streak  brighter,  unctuous.    Gives  a 
weak  blue  tinge. 

Genus  IV.    Salts  of  Cobalt. 

Sp.  1.    Arseniat  of  cobalt  §. 
Red  cobalt  ore. 
This  species,  like  most  other  ores  of  cobalt,  has  nei- 
iher  been  accurately  described  nor  analysed.  « 

It  is  found  in  masses  of  various  shapes,  and  crystalli- 
sed in  quadrangular  tables  or  acicular  prisms. 

Colour  red.  Lustre  from  2  to  3,  sometimes  o.  Trans-  properties, 
parency  o  to  2.    Hardness  5  to  7.    Brittle.   Before  the  , 
blow-pipe  becomes  blackish  grey.    Diffuses  a  weak  ar- 
senical smell.    Tinges  borax  blue. 

Sp.  2.    Sulphat  of  cobalt. 
This  salt  has  been  found  in  Neusohl  in  Hungary  in 
tthe  form  of  transparent  stalactites,  of  a  red  colour.  . 


*  Kirvvan,  ii.  275. 


f  Ibid,  276. 


J  Ibid.  §  Ibid.  278. 


IIO  ORES  OF  MANGANESE. 

Class  IV.    Some  mineralogists  considered  these  stalactites  as  sulJ 

Order  XVI.  6  ,  .  ^        c     ,    .        v.  J 

phat  or  manganese  ;  others  as  sulphat  or  cobalt.  Kla- 

proth  found,  by  analysis,  that^the  latter  opinion  is  the! 

true  one  *. 


Order  XVI.    ORES  OF  MANGANESE  f. 

Ores  of  manganese  occur  often  in  strata,  both  in  the 
primitive  and  secondary  mountains;  scarcely  ever,  how- 
ever, I  believe,  in  those  mountains  which  are  consider- 
ed as  the  most  ancient  of  all.  They  are  very  common, 
having  been  found  abundantly  in  Germany,  France, 
Spain,  Britain,  Sweden,  Norway,  Siberia,  and  other 
countries. 

Genus  I.  Oxides  of  Manganese. 

Hitherto  manganese  has  only  been  found  in  the  state 
of  oxide.    La  Perouse,  indeed,  suspected  that  he  had 
found  it  in  a  metallic  state :  but  probably  there  was 
some  mistake  or  other  in  his  observations. 
Sp.  i.    Oxide  of  manganese  combined  with  barytes. 

This  species,  which  exists  in  great  abundance  in  Ro- 
maneche  near  the  river  Soane  in  France,  is  found  mas- 
sive, forming  a  stratum  in  some  places  more  than  1  2 
feet  thick. 

Properties.  Colour  greyish  black  or  brownish  black,  of  great  in- 
tensity. Lustre,  external,  o ;  internal,  metallic,  1 . 
Soon  tarnishes  by  exposure  to  the  air,  and  then  becomes 


*  Bcitrage,  ii.  320. 

f  Pott,  Miscclar:.  Bcro/ens,  vi.  40. — Margraff,  Mem.  Berlin,  177.-5, 
p.  3.— La  Perouse,  Jour,  de  Pbyj.  rvi.  156.  and  xv.  67.  and  xxviii.  68.— 
Sage,  Mem.  Par.  1 7  85,  335. 


OXIDES*  IH 

r  tens  sly  black.   Texture  granular.  Fracture  uneven  ;    Genus.  I. 

—  Species  II* 

rmetimes  conchoidal.    Often  porous.    Hardness  n.  L  -- 
ifticultly  frangible.    Specific  gravity  from  3.950  to 
ic.    Absorbs  water.    When  taken  out  of  water  af- 
r  a  minute's  immersion,  it  has  a  strong  argillaceous 
nell.    Conducts  electricity  nearly  as  well  as  if  it  were 
a  metallic  state.    Infusible  by  the  blow-pipe.  Tin- 
is  soda  red  ;  the  colour  disappears  before  the  blue 
me  of  flame,  and  is  reproduced  by  the  action  of  the 
ellow  flame.  s 
From  the  analysis  of  Vauquelin,  it  appears  that  it  is  composi- 
omposed  of  ...  .  50.0  white  oxide  of  manganese  Uon< 

33-7  oxygen 
14.7  barytes 
1.2  silica 
.4  charcoal 


100.0  * 

Sp.  2.    Grey  ore  of  manganese  f. 
This  ore  occurs  both  massive  and  disseminated  ;  it  is 
dso  sometimes  crystallized  in  slender  four-sided  prisms 
>)r  needles. 

Colour  usually  dusky  steel  grey  j  sometimes  whitish  propert'u* 
ijrey  or  reddish  grey.  Streak  and  powder  black.  Ex- 
ternal lustre  3  to  2  ;  internal  metallic,  2  to  1 .  Texture 
striated  or  foliated.  Hardness  4  to  5.  Brittle.  Spe- 
cific gravity  from  4.073  \  to  4.8165$.  Before  the  blow- 
pipe darkens  ;  tinges  borax  reddish  brown. 

A  specimen  of  oxide  of  manganese  from  the  moun- 
ttains  of  Vosges,  which  probably  belonged  to  this  species, 


*  Dolomleu,  Jour,  de  Min.  No.  xh.  42. 
{  Vauquelin. 


f  Kirwan,  ii.  291. 
§  Erisson. 
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ORES  OF  MANGiNESE. 


Onier  XVL  anC*  w^"c^  was  analysed  by  Vauquelin,  was  composed  of- 

'■■  -iy  82  oxide  of  manganese 

Composi-  ,  r  ,  • 

tion.'  7  carbonat  01  lime 

6  silica 

5  water 


100  * 

Sometimes  it  contains  a  little  barytes  and  iron. 

Sp.  3.    Black  or  brown  ore  of  manganese  f. 
This  ore  is  found  sometimes  in  the  state  of  powderj 
"  and  sometimes  indurated  in  amorphous  masses  of  varul 
Properties,    ous  figures.    Colour  either  black,  sometimes  with  a 
shade  of  blue  or  brown,  or  reddish  brown.    Streak  of 
the  harder  sorts  metallic  ;  of  the  others  black.  Lustre] 
o  to  1  ;  internal  (when  it  is  indurated),  metallic.  TexJ 
ture  compact.  Hardness  5  to  7.  Specific  gravity  3-707™ 
to  3.9039  ;  that  of  the  powdery  sometimes  only  2.  Be-j 
fore  the  blow-pipe  it  exhibits  the  same  phenomena  as] 
the  last  species. 

Composi-            sPecimen  °f  this  ore>  analysed  by  Westrum,  con- 
tained .  45 -co  manganese 

14.00  oxide  of  iron 
11.00  silica 
7.25  alumina 
2.00  lime 

1.  jo  oxide  of  copper 
18.00  air  and  water 


tion. 


98-75 


*  your,  de  Min.  No.  xvii.  13. 

f  Kirwan,  ii.  39a. — Wedgewood,  Phil.  Tram,  kxiii.  284. 


SALTS. 


"3 


Genus  II.    Salts  of  Manganese*  Genu*  n, 

/-<    i  p  Species  I. 

iS^>.  I.    Larbonat  of  manganese*.  u—^^j 
White  ore  of  manganese. 
This  species  occurs  in  Sweden,  Norway,  and  Trari- 
Ivania.    It  is  either  in  the  form  of  loose  scales,  or 
assive,  or  crystallized  in  needles. 

t;  Colour  white,  or  reddish  white.    Texture  either  fa-  Properties, 
ated  or  scaly.    Lustre  of  the  scaly  a.  Transparency 
(p  2.    Hardness  of  the  massive  6  to  9-   Specific  gra- 
:y  2.794.    Effervesces  with  mineral  acids.  Heated 
r  redness,  blackens.    Tinges  borax  violet. 

Sp.  2.    Red  ore  of  manganese  f. 
Carbonat  of  manganese  and  iron. 
iThis  species  lias  been  found  in  Piedmont  and  in  the 
renees.    It  is  sometimes  in  powder,  sometimes  mas- 
ee,  sometimes  crystallized  in  rhomboidal  prisms  or 
sdles. 

iColour  pale  rosy  red,  mixed  with  white.    Powder  properties, 
irly  white.    Lustre  o.    Transparency  1.  Hardness 
Specific  gravity  3-233.     Effervesces  with  nitric 
I  muriatic  acids.    When  heated  to  redness  becomes 
.dish  brown.    Tinges  borax  red. 

W  specimen,  analysed  by  Ruprecht,  contained  Composi- 
tion. 

55  silica 

35    oxide  of  manganese 
7    oxide  of  iron 
1.5  alumina 

98.5 1 


•  Kirwan,  ii.  297. 

t  Kirwan,  ii.  297. — Napion,  Mem.  Turin,  iv.  303. 
$  "jour.de  Pbys.xx.\l.  22. 

7ol.  IV.  H 


114  ORES  OP  TUNGSTEN. 

Class  IV 

Ord.  xvii.         Order  XVII.    ORES  OF  TUNGSTEN. 


Ores  of  tungsten  are  by  no  means  common.  Thei 
have  hitherto  been  found  only  in  the  primitive  mounj 
tains.    Their  gangue  is  commonly  quartz.    They  ve 
'  often  accompany  tin  ores. 

Genus  I.    Oxides  of  Tungsten. 

Sp.  I.  Wolfram*. 
Oxides  of  tungsten,  iron,  and  manganese — 'Tungstat  o 
iron  and  manganese. 
This  species  is  found  in  different  parts  of  German 
in  Sweden,  Britain,  France,  and  Spain  ;  and  ib  almos 
constantly  accompanied  by  ores  of  tin.    It  occurs  bot 

Crystals.      massive  and  crystallized.  The  primitive  form  of  its  cry 
stals,  according  to  the  observations  of  Mr  Hauy,.  is 
rectangular  parallelopiped,  whose  length  is  8.66,  whos 
breadth  is  5,  and  thickness  4.33  \.    It  is  not  common 
however,  to  find  crystals  of  this  perfect  form ;  in  man 
cases,  the  angles,  and  sometimes  the  edges,  of  the  cry 
stal  are  wanting;  owing,  as  Mr  Hauy  has  shewn,  to  th 
superposition  of  plates,  whose  edges  or  angles  decre: 
according  to  a  certain  law  %. 

Properties.       Colour  brown  or  brownish  black.    Streak  reddisH 
brown.    Powder  stains  paper  with  the  same  colour 
Lustre  external,  2  ;  internal,  2  to  3  ;  nearly  metallic 
Texture  foliated.    Easily  separated  into  plates  by  per-  1 
cussion.  Hardness  6  to  8.  Specific  gravity  from  7.006^  h 


*  Kirwan,  ii.  316.— De  Luyart,  Mem.  Tboulouse,  ii.  141.— Gmelin 
Crell's  Jour.  Eng.  Trans,  iii,  147.  aoj.  and  293.— La  Pcroase,  Jour,  d*  \ 
Alin.  No  iv.  p  23. 

t  Jour.  d'e  Mln.  No.  xix.  8.  f  Ibid.  §  Kirwan. 


OXIDES. 


to  7.333*.  Moderately  electric  by  communication.  Not  °2™".h 

k magnetic.    Infusible  by  the  blow-pipe.    Forms  with   „  » 

:  borax  a  greenish  globule,  and  with  microcosmic  salt  a 
:  transparent  globule  of  a  deep  redf. 

The  specimen  of  this  ore,  examined  by  Messrs  d'El-  Composi- 
huyarts,  was  composed  of  65  oxide  of  tungsten 

22  oxide  of  manganese 
13  oxide  of  iron 


100 


Another  specimen  fromPuy-les-Mines  in  France,  ana- 
lysed by  Vauquelin  and  Hecht,  contained 
67.00  oxide  of  tungsten 
18.00  black  oxide  of  iron 
6.25  black  oxide  of  manganese 
1.5c  silica 

7.25  oxide  of  the  iron  and  manganese 


100.00  ^ 

Sp.  2.    Tungstat  of  lime  §. 
Tungsten. 

This  ore,  which  is  now  exceedingly  scarce,  has  hi- 
Ltherto  been  found  only  in  Sweden  and  Germany.    It  is 
either  massive  or  crystallized;  and,  according  to  Hauy, 
tithe  primitive  form  of  its  crystals  is  the  octahedron^]". 

Colour  yellowish  white  or  grey.    Lustre  3  to  2.  Properties. 
Transparency  2  to  3.    Texture  foliated.    Hardness  6 
ito  9.    Specific  gravity  5.8  to  6.0665.    Becomes  yel- 


*  Hauy.  f  Vauquelin,  Jour,  de  Mm.  No.  xix.  II.  %  Ibid. 

\  Kirwan,  ii.  314.— Scheele's  Works  (French  Transl.),  ii.  81. — Berjj- 
Luan,  Ibid.  p.  94. — Crell,  Chem.  Annalen,  1784,  %  Band.  195.  • 
^  Jour,  de  Miu.  No.  xxxiil  657. 

H  2 
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ORES  OF  MOLYBDENUM. 


Class  iv.    low  when  digested  with  nitric  or  muriatic  acid.  In* 
Ord.XVill.  fusibk  bythe  blow.pipe.    With  borax  forms  a  co* 
lourless  glass,  unless  the  borax  exceed,  and  then  it  is 
brown.    With  microcosmic  salt  it  forms  a  blue  glass, 
Which  loses  its  colour  by  the  yellow  flame,  but  recoveraj 
it  in  the  blue  flame  #. 
Composi-        It  is  composed  of  about   70  oxide  of  tungsten 
tion-  30  lime 


Properties. 


IOO 

with  a  little  silica  and  iron-)-. 

Sp.  3.    Brown  tungstat  of  lime. 
This  ore  is  found  in  Cornwall,  and  is  either  massiv 
or  composed  of  small  crystalline  grains. 

Colodr  grey,  variegated  with  yellow  and  brown. 
Lustre  2,  waxy.  Hardness  6  to  7.  Specific  gravity 
5.57.  Its  powder  becomes  yellow  when  digested  in 
aqua  regia. 

According  to  Klaproth,  it  is  composed  of 
83     oxide  of  tungsten 
1 1.5  lime 


99-5 


Order  XVIII.    ORES  OF  MOLYBDENUM. 

Ore-  of  molybdenum  are  very  scarce,  having  only 
been  found  in  Sweden,  Germany,  Carniola,  among  the 
Alps,  near  Inverness  and  in  the  island  of  Lewis  in  Scot- 
land.   Like  tin  and  tungsten,  it  affects  the  primitive 

mountains. 


*  Scheelc  and  Bergman. 

f  Scheelc. 


SULPHURET. 
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Gfnus  I.    Sulphur t.T  of  Molybdenum.  penY81: 

{species  I, 

Sp.  1.    Common  sulphuret*.  «  v— j 

Molybdenq* 

This  ore,  which  is  the  only  species  of  molybdenum 
ore  at  present  known,  is  found  commonly  massive;  some- 
times, however,  it  is  crystallized  in  hexahedral  tables, 
t*  Colour  light  lead  grey  ;  sometimes  with  a  shade  of  Properties, 
red.  Streak  bluish  grey,  metallic.  Powder  bluish. 
Lustre  metallic,  3  to  2.  Texture  foliated.  Lamellae 
slightly  flexible.  Hardness  4.  Specific  gravity  4.569! 
104.7385^:.  Feels  greasy  ;  stains  the  fingers.  Marks 
bluish  black,  A  piece  of  resin  rubbed  with  this  mine- 
ral becomes  positively  electric  §.  Insoluble  in  sulphu- 
ric and  muriatic  acids  ;  but  in  a  boiling  heat  colours 
them  green.  Effervesces  with  warm  nitric  acid,  lea-r 
vi*g  a  grey  oxide  undissolved.  Before  the  blow- pipe, 
:on  a  silver  spoon,  emits  a  white  smoke,  which  conden- 
ses into  a  white  powder,  which  becomes  blue  in  the  in- 
ternal, and  loses  its  colour  in  the  external  flame.  Scarce- 
ly affected  by  borax  or  microcosmic  salt.  Effervesces 
with  soda,  and  gives  it  a  reddish  pearl  colour. 
Composed  of  about   60  molybdenum 

40  sulphur 


100 

Order  XIX.    ORES  OF  URANIUM. 
Uranium  has  hitherto  been  found  only  in  Germany 


*  Kirwan,  ii.  322. — Schcele's  Works,  i.  236.  French  Transl. — Pelletier, 
Ifour.  de  Vbys.  xxvii.  434. — llsemann,  Ibid,  xxxiii. 292. — Sage,  Ibid.  389. — 
i£laproth  and  Modeer,  Ann.  de  CB!m.  iii.  120. 
^arsten.      J  Brisson.      §  Hauy,  Jour  de  Mm.  xix.  70.      ^  Klanroth. 

H3 


Il8  ORES  OF  URANIUM. 

Class  IV.    and  France.  The  mines  where  it  has  occurred  are  in  the 

Order  XIK.  ... 

i_   t  -  -  -   primitive  mountains. 

Genus  I.    Oxides  of  Uranium. 

Sp.  X.  Pechblende*. 

This  ore,  which  has  been  found  at  Johanngeorgen- 
stadt  in  Saxony,  and  Joachimsthal  in  Bohemia,  is  either 
massive  or  stratified  with  other  minerals, 
properties.  Colour  black  or  brownish  black  j  sometimes  with  a 
shade  of  grey  or  blue.  Streak  darker.  Powder  opaque 
and  black.  Lustre  semimetallic,  from  3  to  1.  Frac. 
ture  conchoidal.  Hardness  7  to  8.  Very  brittle.  Spe- 
cific gravity  from  6.3785  f  to  7.5,  and  even  higher  J. 
Imperfectly  soluble  in  sulphuric  and  muriatic  acids  ; 
perfectly  in  nitric  acid  and  aqua  regia.  Solution  wine 
yellow.  Infusible  with  alkalies  in  a  crucible  :  infu- 
sible by  the  blow-pipe  per  sc.  With  borax  and  soda 
forms  a  grey  opaque  slag  ;  with  microcosmic  salt,  a 
green  glass.  A  specimen  of  this  ore  from  Joachimsthal, 
analysed  lately  by  Klaproth,  contained 

Composi-  86.5  uranium 

tion. 

0.0  sulphuret  01  lead 

5.0  silica 

2.3  oxide  of  iron 


100. o§ 


Sp.  2.    Yellow  oxide  of  uranium ^f. 
Uranitic  ochre. 
This  ore  is  generally  found  on  the  surface  of  the  last 
species  at  Johanngeorgenstadt,  and  is  either  massive  or 
in  powder. 


*  Rirwan,  ii.  305.  \  Morvcau,  'Jour,  de  Min.  No.  xrrii.  610.' 

1  Klaproth,  Beitrage,  ii.  197.     $  Beitrage,  ii.  341.     f  Kirwan,  ii.  3°3* 
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Colour  yellow,  red,  or  brown.   Streak  of  the  yellow  nGef-U8J; 

J  7       '  1  "  Species  III. 

torts  yellow  ;  of  the  red,  orange  yellow.    Lustre  o.   »  > 

Slightly  stains  the  fingers.    Feels  meagre.  Texture 
[arthy.    Hardness  3  to  4.    Specific  gravity  3. 24-38  *. 
Ufusible  by  the  blow-pipe  ;  but  in  a  strong  heat  be-  . 
Lomes  brownish  grey. 

Composed  of  oxide  of  uranium  and  oxide  of  iron. 
Sp.  3.    Crystallized  oxide  of  uranium. 
Green  mica — Chalcolite. 
This  substance  is  also  found  at  Johanngeorgenstadt, 
nd  near  Eibenstock  and  Rheinbreidenbach  f .    It  is 
ometimes  amorphous,  but  more  commonly  crystallized, 
fs  crystals  are  square  plates,  octahedrons,  and  six-sided  Crystal*, 
vrisms.    Champeaux  has  found  a  mine  of  it  in  Bur- 
gundy J. 

^Colour  green  ;  sometimes  nearly  white;  sometimes,  properties. 
!hough  rarely,  yellowish.  Streak  greenish  white.  Lustre 
;  to  2  ;  internal  2  ;  sometimes  pearly ;  sometimes  near- 
ly metallic.    Transparency  2  to  3.    Texture  foliated, 
rlardness  5  to  6.    Brittle.   Soluble  in  nitric  acid  with- 
out effervescence.    Infusible  by  alkalies. 

Composed  of  oxide  of  uranium,  with  some  oxide 
))f  copper.    When  its  colour  is  yellow  it  contains  no 
opper. 

Order  XX.    ORES  OF  TITANIUM. 

Hitherto  titanium  has  been  found  only  in  the 
[primitive  mountains,  the  Crapacks  ||,  the  Alpeslf,  and 


*  Hauy,  Jour,  de  Min.  No.  xix.  70.  f  Gmelin. 

t  "Jour,  de  Min.  No.  lv.  527.  ||  Ibid.  No.  xii.  51. 

(  Dolomieu,  Jour,  de  Mn.  No.  xlii.  431.  &  Saussurc,  Voyages,  N0.1894. 
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ORES  OF  TITANIUM. 


Class  iv.    the  Pyranees  *.    It  lias  been  found  also  in  Britanny  f 

Order  XX.  . ; 

and  i;i  Cornwarll. 


GenijsI.    Oxides  of  Titanium. 

Sj>:  i.    Red  oxide  of  titanium. 
.  .  Red  shorl — Sagenite. 

This  ore  has  been  found  in  Hungary,  the  Pyrenees, 
the  Alps,  and  in  Britanny  in  France.    It  is  generally 

Crystals.  crystallized.  The  primitive  form  of  its  crystals,  ac- 
cording to  the  observations  of  Mr  Hauy,  is  a  rectangu- 
lar prism,  whose  base  is  a  square ;  and  the  form  of  its 
molecules  is  a  triangular  prism,  whose  base  is  a  right 
angled  isosceles  triangle,  and  the  height  is  to  any  of  the 
sides  of  the  base  about  the  right  angle  as  y7  *2  to  V  5» 
or  nearly  as  3  :  2  p  Sometimes  the  crystals  of  tita- 
nium are  six-sided,  and  sometimes  four-sided  prisms, 
and  often  they  are  implicated  together. 

Properties.  Colour  red  or  brownish  red.  Powder  brick  or  orange 
red.  Lustre  3.  Transparency  commonly  o  ;  sometimes 
1.  Texture  foliated.  Hardness  9.  Brittle.  Specific 
gravity  from  4.18  §  to  4.2469^.  Not  affected  by  the 
mineral  acids.  When  fused  with  carbonat  of  potass, 
and  diluted  with  water,  a  white  powder  precipitates, 
heavier  than  the  titanium  employed.  Before  the  blow* 
pipe  it  does  riot  melt,  but  becomes  opaque  and  brown. 
With  microcosmic  salt  it  forms  a  globule  of  glass,  which 
appears  black  ;  but  its  fragments  are  violet.  With  borax 
it  forms  a  deep  yellow  glass,  with  a  tint  of  brown. 
With  soda  it  divides  and  mixes,  but  does  not  form  a 
transparent  glass. 


*  Jour,  de  Mill.  No  xxxii.  614.  f  IT^id. 

X  Jour,  dc  Mm.  xv.  28.  and  xxxii.  61  j  J        \  Klapreth. 

\  Vauquelin  and  Hceht. 
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When  pure,  it  is  composed  entirely  of  oxide  of  tita-     Genus  I. 

r  Species  If. 

nium.  »— — v— ' 

Sfi.  2.   Menachanite  *. 

Oxide  of  titaniwn  combined  with  iron. 

This  substance  has  been  found  abundantly  in  the  val- 
ley of  Menachan  in  Cornwall ;  and  hence  was  called  me- 
nachanite  by  Mr  Gregor,  the  discoverer  of  it.  It  is  in 
small  grains  like  gunpowder,  of  no  determinate  shape, 
and  mixed  with  a  fine  grey  sand*-  Colour  black.  Easily  Properties, 
pulverised.  Powder  attracted  by  the  magnet.  Specific 
gravity  4.427.  Does  not  detonate  with  nitre.  With 
two  parts  of  fixed  alkali  it  melts  into  an  olive-coloured 
mass,  from  which  nitric  acid  precipitates  a  white  pow- 
der. The  mineral  acids  only  extract  from  it  a  little 
iron.  Diluted  sulphuric  acid,  mixed  with  the  powder, 
in.  such  a  proportion  that  the  mass  is  not  too  liquid, 
and  then  evaporated  to  dryness,  produces  a  blue  co- 
loured mass.  Before  the  blow-pipe  does  not  decrepi- 
tate nor  melt.  It  tinges  microcosmic  salt  green  ;  but 
the  colour  becomes  brown  on  cooling  :  yet  microcosmic 
salt  does  not  dissolve  it.  Soluble  in  borax,  and  alters 
its  colour  in  the  same  manner. 

According  to  the  analysis  of  Mr  Gregor,  it  is  com-  Composi- 
posed  of   ...  46  oxide  of  iron  tlon' 
45  oxide  of  titanium 

91  with  some  silica  and  manganese  f . 


*  Kirwan,  ii.  326.— Gregor,  Jour,  tic  PLys.  xxxix.  72.  &  15Z.— Schmeis- 
Hfer,  Crcll's  /Innals,  Eng.  trans. iii.  252. 
f  Grcgpr,  Jour.  <h  Fhys.  xxxix.  72. 152. 
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Cb»s  iv.       According  to  Mr  Klaproth's  analysis,  it  is  composed 

Oixlcr  XX.      r                8  •  ,      r  • 

.         _<  of  Ji-oo  oxide  or  iron 

45.25  oxide  of  titanium 

3.50  silica 

.25  oxide  of  manganese 


100.00  * 


Another  variety  of  this  ore  from  the  Uralian  moun- 
tains, analysed  by  Lowitz,  contained 

53  oxide  of  titanium 
47  oxide  of  iron 

100  f 

A  mineral,  nearly  of  the  same  nature  with  the  one 
just  described,  has  been  found  in  Bavaria.    Its  specific 
gravity,  however,  is  only  3.7.    According  to  the  ana- 
lysis of  Vaquelin  and  Heche,  it  is  composed  of 
49  oxide  of  titanium 

35  iron 
2  manganese 

14  oxygen  combined  with  the  iron  and  manganese 


100  x 

A  specimen  of  the  same  ore  from  Botany  Bay  has 
been  lately  analysed  by  Mr  Chenevix  §. 

Sp.  3.    Calcareo  siliceous  ore  of  titanium. 
Oxide  of  titanium  combined  with  lime  and  silica — 
'Titanite  % 

This  ore  has  hitherto  been  found  only  near  Passau. 


»  -Beitrage,  ii.  231.  f  Crell's  Ann,?U,  1799,  i.  183. 

1  Jour,  de  Min.  No.  xix.  57.       $  Nicholson's  Jour.  v.  13Z. 


^  Kirwan,  ii.  331. 
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|t  was  discovered  by  Professor  Hunger.    It  is  some-    ^nVs  r- 

li  mes  massive,  but  more  commonly  crystallized  in  four-  v  

Lided  prisms,  not  longer  than  one  fourth  of  an  inch. 

Colour  reddish,  yellowish,  or  blackish  brown ;  some-  Properties 
Limes  whitish  grey.  Powder  whitish  grey.  Lustre 
»vaxy  or  nearly  metallic,  2  to  3.  Transparency  from  o 
p  2.  Texture  foliated.  Hardness  9  or  more.  Brittle, 
specific  gravity  3.510.  Muriatic  acid,  by  repeated  di- 
gestion, dissolves  one-third  of  it.  Ammonia  precipi- 
aates  from  this  solution  a  clammy  yellowish  substance, 
i  nfusible  by  the  blow-pipe,  and  also  in  a  clay  crucible  ; 
>ut  in  charcoal  is  converted  into  a  black  opaque  po- 
•ous  slag. 

According  to  the  analysis  of  Klaproth,  it  is  compo- 
sed of   33  oxide  of  titanium 

35  silica 

33  lime 
101  * 

Order  XXL    ORES  OF  CHROMUM. 

Hitherto  chromum  has  been  found  only  in  two 
places,  near  Ekaterinbourg  in  Siberia,  and  in  the  de- 
partment of  the  Var  in  France.    In  the  first  of  these 

jplaces,  and  probably  also  in  the  second,  its  gangue  is 

iquartz. 

Genus  I.    Salts  of  Chromum. 

Sp.  1.    Chromat  of  lead  Red  lead  ore  of  Siberia.* 

This  singular  mineral,  which  has  now  become  scarce, 
is  found  in  the  gold  mines  of  Beresof  near  Ekaterin- 
bourg in  Siberia,  crystallized  in  four-sided  prisms,  some- 
times terminated  by  four-sided  pyramids,  somtimes  not. 

•  Bcitragc,  i.  241. 
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Class  IV. 
Order  XXI. 

Properties. 


Composi- 
tion. 


Properties. 


Composi- 
tion. 


Colour  red,  with  a  shade  of  yellow.  Streak  and 
powder  a  beautiful  orange  yellow.  Lustre  from  2  ta,, 
3.  Transparency  2  to  3.  Structure  foliated.  TexJ 
ture  compact.  Fracture  uneven.  Hardness  c,  to  4.I 
Specific  gravity  6.0269*  to  5.75 f.  Does  not  effervescalj 
with  acids.  Before  the  blow-pipe  decrepitates  •,  some? 
lead  is  reduced,  and  the  mineral  is  converted  to  a  blackj 
slag,  which  tinges  borax  green. 

According  to  the  analysis  of  Vauquelin,  it  is  com- 
posed of  .  .  .  65.12  oxide  of  lead 
34.88  chromic  acid 
100.00  % 

Sft.  2.    Chromat  of  iron  and  alumina. 
This  mineral,  which  has  been  found  only  near  Gassin 
in  the  department  of  Var  in  France,  is  in  irregular 

masses. 

Colour  brown,  not  unlike  that  of  brown  blende. 
Powder  ash  grey.  Lustre  slightly  metallic.  Hardness 
sufficient  to  scratch  glass.  Specific  gravity  4.0326. 
Does  not  melt  before  the  blow-pipe  per  se ;  but  melts 
with  borax,  and  forms  a  fine  green  bead.  Insoluble 
in  nitric  acid.  Melted  with  potass,  and  dissolved  in 
water,  the  solution  assumes  a  beautiful  orange  yellow 
colour.    It  is  composed  of    43.0  chromic  acid 

34.7  oxide  of  iron 
20.3  alumina 
2.0  silica 
100,0  § 


*  Brisson.  f  Bindheim.  }  Jour,  de  Mm.  No.  xxxiv.  76Q. 

.§  Vauquelin,  Jour,  de  Mitt.  No.  lv.  523. 


ANALYSIS  OF  MINERALS. 


125 


Chap.  III. 


CHAP.  III. 


METHOD  OF  ANALYSING  MINERALS. 


II^he  progress  which  the  art  of  analysing  minerals  has 
iade  within  these  last  twenty  years  is  truly  astonish- 
lg.    To  separate  five  or  six  substances  intimately  com-  Analyses  of 
ined  together,  to  exhibit  each  of  them  separately,  to  mineral5 
^certain  the  precise  quantity  of  each,  and  even  to  de- 
;ct  the  presence  and  the  weight  of  substances  which  do 
tot  approach  T^th  part  of  the  compound,  would,  at 
i.o  very  remote  period,  have  been  considered  as  a  hope- 
^ss,  if  not  an  impossible,  task  j  yet  this  can  now  be 
one  with  tolerable  accuracy. 

The  first  person  who  undertook  the  analysis  of  mi-  Begun  by 
i  t\  t  n"    r  ~v\    1  *         t  t  *  .  Margraff; 

uerals  was  Margrarr  or  Berlin.  His  attempts  were  in- 
teed  rude  j  but  their  importance  was  soon  perceived  by 
tther  chemists,  particularly  by  Bergman  and  Scheele, 
ivhose  industry  and  address  brought  the  art  of  analysing 
minerals  to  a  considerable  degree  of  perfection. 

But  their  methods,  though  they  had  very  consider- 
cle  merit,  and,  considering  the  state  of  the  science,  are 
vonderful  proofs  of  the  genius  of  the  inventors,  were 
iften  tedious  and  uncertain,  and  could  not  in  all  cases 
oe  applied  with  confidence.  These  defects  were  per-  improved 
leived  by  Mr  Klaproth  of  Berlin,  who  applied  himself  p^h*1" 
:o  the  analysis  of  minerals  with  a  persevering  industry 
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Book  in.    which  nothing  could  fatigue,  and  an  ingenuity  and  ac-  j 
'        curacy  which  nothing  could  perplex.  He  corrected  what 
was  wrong,  and  supplied  what  was  wanting,  in  the 
analytical  method  ;  invented  new  processes,  discovered 
new  instruments  ;  and  it  is  to  his  labours,  more  than  toj 
those  of  any  other  chemist,  that  the  degree  of  perfec- 1 
tion,  to  which  the  analysis  of  minerals  has  attained,  is, 
And  others,  to  be  ascribed.  Many  improvements,  however,  were  in-] 
troduced  by  other  chemists,  especially  by  Mr  Vauque- 
lin,  whose  analyses,  in  point  of  accuracy  and  ingenuity, 
rival  those  of  Klaproth  himself. 

I  shall,  in  the  following  Sections,  describe  the  method 
of  analysing  minerals  at  present  practised  by  chemists. 
But  it  will  be  proper,  in  the  first  place,  to  premise  the 
following  observations. 
Method  of      Before  a  mineral  is  submitted  to  analysis,  it  ought  to 
reducing  a    be  reduced  to  an  impalpable  powder.    This  is  by  no 

mineral  to  1    1  ' 

powder.      means  an  easy  task  when  the  stone  is  extremely  hard. 

It  ought  to  be  raised  to  a  bright  red  or  white  heat  in 
a  crucible,  and  then  instantly  thrown  into  cold  water. 
This  sudden  transition  makes  it  crack  and  break  into 
pieces.  If  these  pieces  are  not  small  enough,  the  ope- 
ration may  be  repeated  on  each  till  they  are  reduced 
to  the  proper  size.  These  fragments  are  then  to  be 
beaten  to  small  pieces  in  a  polished  steel  mortar ;  the 
cavity  of  which  should  be  cylindrical,  and  the  steel  pestle 
should  fit  it  exactly,  in  order  to  prevent  any  of  the  stone 
from  escaping  during  the  act  of  pounding.  As  soon  as 
the  stone  is  reduced  to  pretty  small  pieces,  it  ought  to 
be  put  into  a  mortar  of  rock  crystal  or  flint,  and  redu- 
ced to  a  coarse  powder.  This  mortar  should  be  about 
four  inches  in  diameter,  and  rather  more  than  an  inch 
in  depth.  The  pestle  should  be  formed  of  the  same  stone 
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(•with  the  mortar,  and  care  should  be  taken  to  know  ex-    Chap.  III. 
jlactly  the  ingredients  of  which  this  mortar  is  composed. 
■Klaproth's  mortar  is  of  flint, 

When  the  stone  has  been  reduced  to  a  coarse  pow- 
Idder,  a  certain  quantity,  whose  weight  is  known  exactly, 
lnoo  grains  for  instance,  ought  to  be  taken  and  reduced 
Itto  as  fine  a  powder  as  possible.  This  is  best  done  by 
jipounding  small  quantities  of  it  at  once,  not  exceeding 
jiio  grains.  The  powder  is  as  fine  as  possible  when  it 
If  feels  soft,  adheres  together,  and  as  it  were  forms  a  cake 
Lunder  the  pestle.  It  ought  then  to  be  weighed  exact- 
II  ly.  It  will  almost  always  be  found  heavier  after  being 
Irpounded  than  it  was  before  ;  owing  to  a  certain  quan- 
lirityof  the  substance  of  the  mortar  which  has  been  rub- 
Ibed  off  during  the  grinding,  and  mixed  with  the  pow- 
ider.  This  additional  weight  must  be  carefully  noted; 
hand  after  the  analysis,  a  portion  of  the  ingredients  of  the 
[  mortar,  corresponding  to  it,  must  be  subtracted. 

It  is  necessary  to  have  a  crucible  of  pure  silver,  or,  Chemical 
J  what  is  far  preferable,  of  platinum,  capable  of  holding  vesse's< 
I  rather  more  than  seven  cubic  inches  of  water,  and  pro- 
vided with  a  cover  of  the  same  metal.    There  should 
■  also  be  ready  a  spatula  of  the  same  metal  about  four 
inches  long. 

The  dishes  in  which  the  solutions,  evaporations,  Sec. 
aTe  performed,  ought  to  be  of  glass  or  porcelain.  Those 
of  porcelain  are  cheaper,  because  they  are  not  so  apt  to 
break.  Those  which  Mr  Vauquelin  uses  ar-e  of  porce- 
lain ;  they  are  sections  of  spheres,  and  are  glazed  both 
within  and  without,  except  that  part  of  the  bottom 
whicli  is  immediately  exposed  to  the  fire. 
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Book  III. 


SECT.  I. 


ANALYSIS  OF  EARTHS  AND  STONES*. 

The  only  substances  which  enter  into  the  composUl 
tion  of  the  simple  stones,  as  far  at  least  as  analysis  has! 
Ingredients  discovered,  are  the  six  earths,  silica,  alumina,  zirconia,! 

glucina,  lime,  and  magnesia ;  and  the  oxides  of  ironJ 
manganese,  nickel,  chromum,  and  copper  f.  Seldom! 
more  than  four  or  five  of  these  substances  are  found 
combined  together  in  the  same  stone  :  we  shall  suppose,  < 
however,  in  order  to  prevent  unnecessary  repetitions,! 
that  they  are  all  contained  in  the  mineral  which  we  are 
going  to  analyse. 

Let  100  or  200  grains  of  the  stone  to  be  analysed, 
previously  reduced  to  a  fine  powder,  be  mixed  with  three 
times  its  weight  of  pure  potass  and  a  little  water,  and 
exposed  in  the  silver  or  platinum  crucible  to  a  strong 
heat.  The  heat  should  at  first  be  applied  slowly,  and* 
the  matter  should  be  constantly  stirred,  to  prevent  the 
potass  from  swelling  and  throwing  any  part  out  of  the 
crucible.  "When  the  whole  water  is  evaporated,  the 
mixture  should  be  kept  for  half  an  hour  or  three  quar- 
ters in  a  strong  red  heat.  jT 

If  the  matter  in  the  crucible  melts  completely,  and 
appears  as  liquid  as  water,  we  may  be  certain  that  the 


Method  of 
decompo- 
sing stones. 


*  See  Vauquelin's  Treatise  on  the  Analysis  of  Stones,  Ann.  de  Cbim. 
xxx.  66.  . 

f  Barytes  has  also  been  discovered  Jin  one  single  stone,  the  s<*oirotiU  ; 
but  its  presence  in  stones  is  so  uncommon,  that  it  can  scarcely  be  looked 
for.  The  method  of  detecting  it  shall  be  noticed  afterwards. 
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1  one  which  we  are  analysing  consists  chiefly  of  silica  ;    Chap.  III. 

it  remains  opaque,  and  of  the  consistence  of  paste,  the 
her  earths  are  most  abundant;  if  it  remains  in  the 

rm  of  a  powder,  alumina  is  the  prevalent  earth.  If 
ce  matter  in  the  crucible  be  of  a  dark  or  brownish  red 
jlour,  it  contains  oxide  of  iron  ;  if  it  is  grass  green, 
uanganese  is  present ;  if  it  is  yellowish  green,  it  con- 
iins  chromum. 

When  the  crucible  has  been  taken  from  the  fire  and 
iiped  on  the  outside,  it  is  to  be  placed  in  a  capsule  of 
orcelain,  and  filled  with  water.  This  water  is  to  be 
mewed,  from  time  to  time,  till  all  the1  matter  is  detach- 
1  from  the  crucible.  The  water  dissolves  a  part  of  the 
nnbination  of  the  alkali  with  the  silica  and  alumina 

the  stone ;  and  if  a  sufficient  quantity  were  used,  it 
lould  dissolve  the  whole  of  that  combination. 

Muriatic  acid  is  now  to  be  poured  in  till  the  whole 
:  the  matter  is  dissolved.    At  first  a  flaky  precipitate 
spears,  because  the  acid  combines  with  the  alkali 
ihich  kept  it  in  solution.    Then  an  effervescence  takes 
ace,  owing  to  the  decomposition  of  some  carbonat  of 
jtass  formed  during  the  fusion.    At  the  same  time 
;  e  flaky  precipitate  is  redissolved  ;  as  is  also  that  part 
7  the  matter  which,  not  having  been  dissolved  in  the 
.ater,  had  remained  at  the  bottom  of  the  dish  in  the 
i-rm  of  a  powder.    This  powder,  if  it  consists  only  of 
Idea  and  alumina,  dissolves  without  effervescence;  but 
it  contains  lime,  an  effervescence  takes  place 

If  this  solution  in  muriatic  acid  be  colourless,  we  may 
Dnclude  that  it  contains  no  metallic  oxide,  or  only  a 
:ry  small  portion  ;  if  its  colour  be  purplish  red,  it  con- 
ins  manganese;  orange  red  indicates  the  presence  of 
con  ;  and  golden  yellow  the  presence  of  chromum. 

Vol.  IV.  I 
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Hook  HI.        Xhis  solution  is  to  be  poured  into  a  capsule  of  porce* 
lain,  covered  with  paper,  and  evaporated  to  dryness  in 
a  sand  bath.  When  the  evaporation  is  drawing  towards 
its  completion,  the  liquor  assumed  the  form  of  jelly.  It 
must  then  be  stirred  constantly  with  a  glass  or  porceJ 
lain  rod,  in  order  to  facilitate  the  disengagement  of  the 
acid  and  water,  and  to  prevent  one  part  of  the  matteM 
from  being  too  much,  and  another  not  sufficiently  dried! 
Without  this  precaution,  the  silica  and  alumina  would! 
.not  be  completely  separated  from  each  other. 

sincJithC         When  the  matter  is  reduced  almost  to  a  dry  powder! 

separated.     a  large  quantity  of  pure  water  is  to  be  poured  on  it ; 

and,  after  exposure  to  a  slight  heat,  the  whole  is  to  ba 
poured  on  a  filter.    The  powder  which  remains  upon 
the  filter  is  to  be  washed  repeatedly,  till  the  water  widfl 
which  it  has  been  washed  ceases  to  precipitate  silveB 
from  its  solutions.    This  powder  is  the  whole  of  ttal 
silica  which  the  stone  that  we  are  analysing  contained^ 
It  must  first  be  dried  between  folds  of  blotting  pap 
then  heated  red  hot  in  a  platinum  or  silver  cruciblej 
and  weighed  while  it  is  yet  warm.    It  ought  to  be  a 
fine  powder,  of  a  white  colour,  not  adhering  to  tha 
fingers,  and^entirely  soluble  in  acids.  If  it  be  colouredj 
it  is  contaminated  with  some  metallic  oxide;  and  shews 
that  the  evaporation  to  dryness  has  been  performed  at 
too  high  a  temperature.    To  separate  this  oxide,  the 
silica  must  be  boiled  with  an  acid,  and  then  washed  and 
dried  as  before.     The  acid  solution  must  be  added  to: 
the  water  which  passed  through  the  filter,  and  whicft 
we  shall  denominate  A. 

The  watery  solution  A  is  to  be  evaporated  till  its- 
quantity  does  not  exceed  30  cubic  inches,  or  nearly  affl 
English  pint.    A  solution  of  carbonat  of  potass  is  theflfl 
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be  poured  into  it  till  no  more  matter  precipitates, 
ou^ht  to  be  boiled  a  few  moments  to  enable  all  the 
ecipitate  to  fall  to  the  bottom.    When  the  whole  of 
e  precipitate  has  collected  at  the  bottom,  the  super- 
tatant  liquid  is  to  be  decanted  off ;  and  water  being 
jbstituted  in  its  place,  the  precipitate  and  water  are  to 
12  thrown  upon  a  filter.    When  the  water  has  run  off, 
ae  filter  with  the  precipitate  upon  it  is  to  be  placed 
etween  folds  of  blotting  paper.    When  the  precipi- 
tte  has  acquired  some  consistence,  it  is  to  be  carefully 
idlected  bj  an  ivor y  knife,  mixed  with  a  solution  of 
Lire  potass,  and  boiled  in  a  porcelain  capsule.    If  any 
i  umina  or  glucina  be  present,  they  will  be  dissolved  in 
te  potass  ;  while  the  other  substances  remain  untouch- 
l  in  the  form  of  a  powder,  which  we  shall  call  B. 
Into  the  solution  of  potass  as  much  acid  must  be  Method  of 
nured  as  will  not  only  saturate  the  potass,  but  also  thc^fum^ 
umpletely  redissolve  any  precipitate  which  may  have  na' 
first  appeared.    Carbonat  of  ammonia  is  now  to  be 
Ided  in  such  quantity  that  the  liquid  shall  taste  of  it. 
\j  this  addition  the  whole  of  the  alumina  will  be  pre- 
•pitated  in  white  fleaks,  and  the  glucina  will  remain  dis- 
llved,  provided  the  quantity  of  carbonat  of  ammonia  -  , 

;ed  be  not  too  small  The  liquid  is  now  to  be  filter- 
,  and  the  alumina  which  will  remain  on  the  filter  is  to 
•'■  washed,  dried,  heated  red  hot,  and  then  weighed. 
*o  see  if  it' be  really  alumina,  dissolve  it  in  sulphuric 
id,  and  add  a  sufficient  quantity  of  sulphat  o'r  acetite 
'  potass ;  if  it  be  alumina,  the  whole  of  it  will  be  coll- 
ated into  crystals  of  alum. 

Let  the  liquid  which  has  passed  through  the  filter  be  Glucina, 
))iled  for  some  time  ;  and  the  glucina,  if  it  contains  any, 
ill  be  precipitated  in  a  light  powder,  which  may  be 

I  2 
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dried  and  weighed.    When  pure,  it  is  a  fine,  soft,  very 
light,  tasteless  powder,  which  does  not  concrete  when 
heated,  as  alumina  does. 
Lime,       The  residuum  B  may  contain  lime,  magnesia,  and 
one  or  more  metallic  oxides  *.    Let  it  be  dissolved  in; 
weak  sulphuric  acid,  and  the  solution  evaporated  to  dry- 
ness.   Pour  a  small  quantity  of  water  on  it.    The  \va-] 
ter  will  dissolve  the  sulphat  of  magnesia  and  the  metal- 
lic sulphats ;  but  the  sulphat  of  lime  will  remain  un-' 
dissolved.    Let  it  be  heated  red  hot  in  a  crucible,  and 
weighed.    The  lime  amounts  to  0.42  of  the  weight.  I 
Let  the  solution  containing  the  remaining  sulphats  be 
diluted  with  a  large  quantity  of  water,  let  a  small  ex.* 
cess  of  acid  be  added,  and  then  let  a  saturated  carbonat 
of  potass  be  poured  in.    The  oxides  of  chromum,  ironjj 
and  nickel,  will  be  precipitated,  and  the  magnesia  aqH 
oxide  of  manganese  will  remain  dissolved.    The  precfl 
pitate  we  shall  call  C. 
Manganese,      Into  the  solution  let  a  solution  of  hydrosulphuret  of 
potass  be  poured,  and  the  manganese  will  be  precipittS 
ted  in  the  state  of  a  hydrosulphuret.     Let  it  be  calc™ 
Magnesia,    ne^  in  contact  with  air,  and  weighed.    The  magnesias 
may  then  be  precipitated  by  pure  potass,  washed,  esm 
posed  to  a  red  heat,  and  then  weighed. 

Let  the  residuum  C  be  boiled  repeatedly  with  nitrS 
acid,  then  mixed  with  pure-  potass  ;  and  after  being 
Chromum,  heated,  let  the  liquid  be  decanted  off.  Let  the  precipi- 
tate,  which  consists  of  the  oxides  of  iron  and  nickel,  be 
washed  with  pure  water  ;  and  let  this  water  be  added 
to  the  solution  of  the  nitric  acid  and  potass.    That  sfl 


*  If  yttria  be.  suspected,  let  die  residuum  B  be  treated  with  c.irbnr.at; 
of  ammonia,  which  will  dissolve  the  yttria  and  leave  the  other  bodkli 

Then  proceed  as  above. 
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..tion  contains  the  chromum  converted  into  an  acid. 

del  to  this  solution  an  excess  of  muriatic  acid,  and 
•aporate  till  the  liquid  assumes  a  green  colour;  then 
.d  a  pure  alkali  :  The  chromum  precipitates  in  the 
ate  of  an  oxide,  and  may  be  dried  and  weighed. 

Let  the  precipitate,  consisting  of  the  oxides  of  iron  Ir<>n> 
ud  nickel,  be  dissolved  in  muriatic  acid ;  add  an  ex- 
ss  of  ammonia  :  the  oxide  of  iron  precipitates.   Let  it 
>  washed,  dried,  and  weighed. 

Evaporate  the  solution,  and  the  oxide  of  nickel  will  NicieL 
iso  precipitate;  and  its  weight  may  be  ascertained  in 
:e  same  manner  with  the  other  ingredients. 

The  weights  of  all  the  ingredients  obtained  are  now 

be  added  together,  and  their  sum  total  compared  with 
e  weight  of  the  matter  submitted  to  analysis.  If  the 
70  are  equal,  or  if  they  differ  only  by  .03  or  .04  parts, 
:e  may  conclude  that  the  analysis  has  been  properly 
^rformed  ;  but  if  the  loss  of  weight  be  considerable, 
>mething  or  other  has  been'  lost.  The  analysis  must 
terefore  be  repeated  with  all  possible  care.    If  there 

still  the  same  loss  of  weight,  we  may  conclude  that 
e  stone  contains  some  substance,  which  has  either  eva- 
Jrated  by  the  heat,  or  is  soluble  in  water. 

A  fresh  portion  of  the  stone  must  therefore  be  bro~  Method  of 

...  .  .  "  ,  .  detecting 

;n  into  small  pieces,  and  exposed  m  a  porcelain  cru-  volatile 
ble  to  a  strong  heat.     If  it  contains  water,  or  any  bodies, 
her  volatile  substance,  they  will  come  over  into  the 
cciver;  and  their  nature  and  weight  may  be  ascer- 
ined. 

If  nothing  comes  over  into  the  receiver,  or  if  what 
Jimes  over  is  not  equal  to  the  weight  wanting,  we  may 
include  that  the  stone  contains  some  ingredient  which- 

soluble  in  water. 

I3 
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Book  111. 

And  of  dis- 
covering 
whether 
potass  be 
present, 


To  discover  whether  it  contains  potass,  let  the  stone, 
reduced  to  an  impalpable  powder,  be  boiled  five  or  six  .j 
times  in  succession,  with  very  strong  sulphuric  asid/1 
applying  a  pretty  strong  heat  towards  the  end  of  th&i 
operation,  iu  order  to  expel  the  excess  of  acid  ;  but  ta -J 
king  care  that  it  be  not  strong  enough  to  decompose  tliQ  j 
salts  which  have  been  formed. 

Water  is  now  to  be  poured  on,  and  the  residuum,- 
which  does  not  dissolve,  is'tobe  washed  with  water  till! 
it  becomes  tasteless.  The  watery  solution  is  to  be  fil-j 
tered,  and  evaporated  to  dryness,  in  order  to  drive  off! 
any  excess  of  acid  which  may  be  present.  The  salts  are! 
to  be  again  dissolved  in  water  ;  and  the  solution,  after! 
being  boiled  for  a  few  moments,  is  to  be  filtered  and] 
evaporated  to  a  consistence  proper  for  crystallizing.  If] 
the  stone  contains  a  sufficient  quantity  of  alumina,  and] 
if  potass  be  present,  crystals  of  alum  will  be  formed :  j 
and  the  quantity  of  potass  may  be  discovered  by  weigh -J 
irig  them,  it  being  nearly  -r'^th  of  their  weight.  If  the ' 
stone  does  not  contain  alumina,  or  not  in  sufficient  quan- 
tity,  a  solution  of  pure  alumina  in  sulphuric  acid  must] 
be  added.  Sometimes  the  alum,  even  when  potass  is] 
present,  does  not  appear  for  several  days  or  even  weeks;  J 
and  sometimes,  when  a  great  quantity  of  alumina  is  pre- j 
sent,  if  the  solution  has  been  too  much  concentrated  byj 
evaporation,  the  sulphat  of  alumina  prevents  the  alum! 
from  crystallizing  at  all.  Care,  therefore,  must  be  ta-J 
ken  to  prevent  this  last  source  of  error.  The  alum  cb-J 
tained  may  be  dissolved  in  water,  and  barytic  water! 
poured  into-it  as  long  as  any  precipitate  forms.  Thej 
liquor  is  to  be  filtered,  and  evaporated  to  dryness.  The  I 
residuum  will  consist  of  potass  and  a  little  carbonat  of  j 
potass.    The  potass  may  be  dissolved  in  a  little  water,! 
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This  solution,  evap  rated  to  dryness,  gives  us  the  pot-  c,laP- 
iss  pure;  which  may  be  examined  and  weighed. 

If  no  crystals  of  alum  can  be  obtained,  wc  must  look  °r  so^a- 
"or  some  other  substance  than  potass.  The  stone,  for 
nstance,  may  contain  soda.  The  presence  of  this  al- 
kali may  be  discovered  by  decomposing  the  solution  in 
iiulphuric  acid,  already  described,  by  means  of  ammo- 
nia. The  liquid  which  remains  is  to  be  evaporated  to 
Hryncss,  and  the  residuum  is  to  be  calcined  in  a  cru- 
cible. By  this  method,  the  sulphat  of  ammonia  will 
we  volatilized,  and  the  soda  will  remain.  It  may  be  re- 
lissolved  in  water,  crystallized,  and  examined. 

If  sulphuric  acid  does  not  attack,  the  stone,  as  is  oft- 
en the  case,  it  must  be  decomposed  by  fusion  with  so- 
13a,  in  the  same  manner  as  formerly  directed  with  pot- 
uss.  The  matter,  after  fusion,  is  to  be  diluted  witli 
water,  and  then  saturated  with  sulphuric  acid.  I  he 
•iolution  is  to  be  evaporated  to  dryness,  the  residuum 
igain  dissolved  in  water,  and  evaporated.  Sulphat  of 
loda  will  crystallize  first ;  and  by  a  second  evaporation, 
:f  the  stone  contains  potass  and  alumina,  crystals  of 
ilum  will  be  deposited. 

The  presence  of  potass  may  be  discovered,  by  mix- 
ng  with  a  somewhat  concentrated  solution  of  muriat 
)f  platinum  the  salt  obtained,  either  by  decomposing 
he  stone  immediately  by  an  acid,  or  by  saturating  with 
;n  acid  the  matter  obtained  by  fusing  the  stone  with 
ioda.  If  any  potass  be  present,  a  very  red  precipitate 
/vill  be  formed.  This  precipitate  is  a  triple  salt,  comr 
josed  of  potass,  muriatic  acid,  and  oxide  of  platinum. 
Ammonia,  indeed,  produces  the  same  precipitate;  but 
tammonia  has  not  hitherto  been  discovered  in  stones. 

In  this  manner  may  simple  stones  and  ap-freratcs  be  An.aly8is01 

J         i  bo    o  saline 

1  zj.  ,  stones, 
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Book  HI.  analysed.  As  to  saline  stones,  their  analysis  must  vary 
according  to  the  acid  which  they  contain.  But  almost 
all  of  them  may  be  decomposed  by  one  or  other  of  two 
methods  ;  of  each  of  which  I  shall  give  an  example. 

I.    Analysis  of  Carbonat  of  Strontian, 

Of  carbo-  Klaproth  analysed  this  mineral  by  dissolving  100  parts 
nat5>  of  it  in  diluted  muriatic  acid  :  during  the  solution  30 

parts  of  carbonic  acid  escaped.  The  solution  crystalli- 
zed in  needles,  and  when  dissolved  in  alcohol,  burnt  with 
a  purple  flame.  Therefore  it  contained  strontian.  He 
dissolved  a  grain  of  sulphat  of  potass  in  six  ounces  of 
water,  and  let  fall  into  it  three  drops  of  the  muriatic  so-j 
lution.  No  precipitate  appeared  till  next  day.  There- 
fore the  solution  contained  no  barytes  ;  for  if  it  had,  a 
precipitate  would  have  appeared  immediately. 

He  then  decomposed  the  muriatic  acid  solution,  by 
mixing  it  with  \carbonat  of  potass.  Carbonat  of  stron- 
tian precipitated.  By  the  application  of  a  strong  heat, 
the  carbonic  acid  was  driven  off.  The  whole  of  the 
earth  which  remained  was  dissolved  in  water.  It  cry- 
stallized ;  and,  when  dried,  weighed  694-*. 

II.    Analysis  of  Sulphat  of  Strontian. 

Sulphats,         Vauquelin  analysed  an  impure  specimen  of  this  mi- 
neral as  follows  : 

On  200  parts  of  the  mineral,  diluted  nitric  acid  was 
poured.  A  violent  effervescence,  took  place,  and  part 
of  the  mineral  was  dissolved.  The  undissolved  portion, 
after  being  heated  red  hot,  weighed  167.  Therefore 
33  parts  were  dissolved. 


*  Klaproth's  Beitrage,  i.  26c. 
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The  nitric  solution  was  evaporated  to  dryness  :  A  chaP- 
reddish  substance  remained,  which  indicated  the  pre- 

ence  of  oxide  of  iron.  This  substance  was  redissolved 
r.n  water,  and  some  ammonia  mixed  with  it ;  a  reddish 
urccipitate  appeared,  which,  when  dried,  weighed  1, 

nd  was  oxide  of  iron.  (  The  remainder  of  the  solution 
was  precipitated  by  carbonat  of  potass.  The  precipi- 
?.are  weighed,  when  dried,  20,  and  possessed  the  proper- 
:ies  of  carbonat  of  lime.  Therefore  200  parts  of  this 
mineral  contain  20  of  carbonat  of  lime,  1  of  oxide  of 
:ron,  and  the  remainder  of  the  33  parts  he  concluded  to 
»e  water. 

The  167  parts,  which  were  insoluble  in  nitric  acid, 
were  mixed  with  500  parts  of  carbonat  of  potass,  and 
^7000  parts  of  water,  and  boiled  for  a  considerable  time. 
IThe  solution  was  then  filtered,  and  the  residuum  wash- 
ced  and  dried.  The  liquid  scarcely  effervesced  with  a- 
ccids  ;  but  with  barytes  it  produced  a  copious  precipi- 
itate,  totally  indissoluble  in  muriatic  acid.  Therefore  it 
ccontained  sulphuric  acid. 

The  undissolved  residuum,  when  dried,  weighed  129 
jparts.    It  dissolved  completely  in  muriatic  acid.  The 
rsolution  crystallized  in  needles  ;  when  dissolved  in  al- 
icohol,  it  burnt  with  a  purple  flame  :  and,  in  short,  had 
; all  the  properties  of  muriat  of  strontian.  Therefore 
j these  129  parts  were  carbonat  of  strontian.   Now,  100 
parts  of  this  carbonat  contain  30  of  carbonic  acid  ;  there- 
fore 129  contain  38.7.    Therefore  the  mineral  must 
contain  in  200  parts  90.3  of  strontian. 

Now,  the  insoluble  residuum  of  167  parts  Was  pure 
sulphat  of  strontian  ;  and  we  have  seen  that  it  contain-  , 


*  Jour,  de  Mm.  No.  xxxvii.  1. 
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Book  III.    ed  90.3  of  strontian.    Therefore  the  sulphuric  acid 
must  amount  to  76.7  parts*. 

Nearly  in  the  same  manner  as  in  the  first  of  these  ex. 
amples  may  the  analysis  of  carbonat  of  lime  and  baryj 
tes  be  prformed  ;  and  nearly  in  the  same  manner  with] 
the  second  we  may  analyse  the  sulphats  of  lime  and 
barytes. 

Phosphats,       Phosphat  of  lime  may  be  dissolved  in  muriatic  acid, 
and  the  lime  precipitated  by  sulphuric  acid,  and  its 
quantity  ascertained  by  decomposing  the  sulphat  of  lime 
obtained.    The  liquid  solution  may  be  evaporated  to; 
the  consistence  of  honey,  mixed  with  charcoal  powder, 
and  distilled  in  a  strong  heat     By  this  means  phospho- 
rus will  be  obtained.    The  impurities  with  which  the 
phosphat  may  be  contaminated  will  partly  remain  un- 
dissolved, and  be  partly  dissolved,  in  muriatic  acid. 
They  may  be  detected  and  ascertained  by  the  rules  ldd 
down  in  the  First  Section  of  this  Chapter. 
Fluats,         The  fluat  of  lime  may  be  mixed  with  sulphuric  acid 
and  distilled.    The  fluoric  acid  will  come  over  in  the 
form  of  gas,  and  its  weight  may  be  ascertained.  What 
remains  in  the  retort,  which  will  consist  chiefly  of  sul- 
phat of  lime,  may  be  analysed  by  the  rules  already  laid 
down. 

Borats.  The  borat  of  lime  may  be  dissolved  in  nitric  or  sul- 
phuric acid  :  The  solution  may  be  evaporated  to  dry-  J 
ness,  and  the  boracic  acid  separated  from  the  residuum 
by  means  of  alcohol,  which  will  dissolve  it  without  act-  j 
ing  on  any  of  the  other  ingredients.  The  remainder 
of  the  dry  mass  may  be  analysed  by  the  rules  laid  down 
in  this  Section. 
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SECT.  II. 

OF  THE  ANALYSIS  OF  COMBUSTIBLES. 

Ill* HE  only  combustibles  of  whose  analysis  it  will  be 
■lecessary  to  speak  are  coals  and  sulphur  ;  for  the  me- 
hod  of  analysing  the  diamond  and  oil  has  already  been 
I iven  in  the  First  Part  of  this  Work. 

Coal  is  composed  of  charcoal,  bitumen,  and  some  por-  Method  of 
i  ion  of  earth.    The  earths  may  be  detected  by  burning  coalf8"^ 
completely  a  portion  of  the  coal  to  be  analysed.  The 
iishes  which  remain  after  incinerati6n  consist  of  the 
earthy  part.    Their  nature  may  be  ascertained  by  the 
;:ules  laid  down  in  Sect.  I.  of  this  Chapter.  ^ 

For  the  method  of  ascertaining  the  proportion  of 
:harcoal  and  bitumen  in  coal,  we  are  indebted  to  Mr 
vSarwan. 

When  nitre  is  heated  red  hot,  and  charcoal  is  thrown 
un  it,  a  violent  detonation  takes  place  ;  and  if  the  quan- 
tity of  charcoal  be  sufficient,  the  nitre  is  completely  de- 
composed. Now,  it  requires  a  certain  quantity  of  pure 
charcoal  to  decompose  a  given  weight  of  nitre.  From 
(the  experiments  of  Lavoisier,  it  follows,  that  when  the 
(detonation  is  performed  in  close  vessels  under  water, 
113.21  parts  of  charcoal  are  capable  of  decomposing  100 
| parts  of  nitre*.  But  when  the  detonation  is  perform- 
ed in  an  open  crucible,  a  smaller  proportion  of  charcoal 
:is  necessary,  because  part  of  the  nitre  is  decomposed  by 


*  Mem.  Scav.  Etrung,  x.l  636. 
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Bookm.  the  action  of  the  surrounding  air.  Schcele  found,  that 
under  these  circumstances  10  parts  of  plumbago  were 
sufficient  to  decompose  96  parts  of  nitre,  and  Mr  Kir- 
wan  found,  that  nearly  the  same  quantity  of  charcoal 
was  sufficient  for  producing  the  same  effect. 

Macquer  long  ago  observed  that  no  volatile  oily 
matter  will  detonate  with  nitre,  unless  it  be  previously 
reduced  to  a  charcoal ;  and  that  then  its  effect  upon 
nitre  is  precisely  proportional  to  the  charcoal  which  it 
contains  *.  Mr  Kirwan,  upon  trying  the  experiment 
with  vegetable  pitch  and  malthay  found  that  these  sub- 
stances did  not  detonate  with  nitre,  but  merely  burn 
upon  its  surface  with  a  white  or  yellow  flame  ;  and 
that  after  they  were  consumed,  nearly  the  same  quan- 
tity of  charcoal  was  necessary  to  decompose  the  nitre 
which  would  have  been  required  if  no  bitumen  had 
been  used  at  all  f.  Now  coals  are  chiefly  composed  of 
charcoal  and  bitumen.  It  occurred  therefore  to  Mr  Kir- 
wan,  that  the  quantity  of  charcoal  which  any  coal  con- 
tains may  be  ascertained  by  detonating  it  with  nitre : 
For  since  the  bitumen  of  the  coal  has  no  effect  in  de- 
composing nitre,  it  is  evident  that  the  detonation  and 
decomposition  must  be  owing  to  the  charcoal  of  the 
coal  ;  and  that  therefore  the  quantity  of  coal  necessary 
to  decompose  a  given  portion  of  nitre  will  indicate  the 
quantity  of  carbon  which  it  contains  :  and  the  propor- 
tion of  charcoal  and  earth  which  any  coal  contains  be- 
ing ascertained,  its  bituminous  part  may  be  easily  had 
from  calculation. 

The  crucible  which  he  used  in  his  experiments  was 
large-;  it  was  placed  in  a  wind  furnace  at  a  distance 


*  Macquer's  Dictionary,  Second  Edit.  p.  481. 
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Ifrom  the  flue,  and  the  heat  in  every  experiment  was  as  Chap. 
requal  as  possible.  The  moment  the  nitre  was  red  hot, 
ithe  coal,  previously  reduced  to  small  pieces  of  the  size 
cof  a  pin  head,  was  projected  in  portions  of  one  or  two 
grains  at  a  time,  till  the  nitre  would  no  longer  detonate; 
.and  every  experiment  was  repeated  several  times  to  en- 
ssure  accuracy. 

He  found,  that  480  grains  of  nitre  required  50  grains 
(of  Kilkenny  coal  to  decompose  it  by  this  method. 

Therefore  10  grains  would  have  decomposed  96  of 
rnitre  •,  precisely  the  quantity  of  charcoal  which  would 
fhave  produced  the  same  effect.    Therefore  Kilkenny 

coal  is  composed  almost  entirely  of  charcoal. 

Cannel  coal,  when  incinerated,  left  a  residuum  of 

3.12  in  the  100  parts  of  earthy  ashes.  66.5  grains  of 
iit  were  required  to  decompose  480  grains  of  nitre;  but 

50  parts  of  charcoal  would  have  been  sufficient :  there- 
fore 66.5  grains  of  cannel  coal  contain  50  grains  of 

•  charcoal,  and  2.08  of  earth;  the  remaining  14. 42 
:  grains  must  be  bitumen.   In  this  manner  may  the  com- 
position of  any  other  coal  be  ascertained. 

As  for  sulphur,  in  order  to  ascertain  any  accidental  Method  of 

.  .  analysing 

impurities  with  wmch  it  may  be  contaminated,  it  ought  sulphur. 

to  be  boiled  in  thirty  times  its  weight  of  water,  after- 
wards in  diluted  muriatic  acid,  and  lastly  treated  with 
nitro-muriatic  acid.  These  substances  will  deprive  it 
of  all  its  impurities  without  acting  on  the  sulphur  itself, 
at  least  if  the  proper  cautions  be  attended  to.  The 
sulphur  may  then  be  dried  and  weighed.  The  defi- 
ciency in  weight  will  mark  the  quantity  of  the  substan- 
ces which  contaminate  the  sulphur.  The  solutions  may 
be  evaporated  and  examined,  according  to  the  rules  laid 

•  down  in  the  First  and  Third  Sections  of  this  Chapter. 
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SECT.  III. 


ANALYSIS  OF  ORES. 

,    The  diversity  of  metallic  ores  is  so  great,  that  no  ee*! 
No  general  ;  . 

.method      neral  method  of  analysis  can  be  given.    Let  us  there*! 

fore  follow  the  different  orders,  one  by  one,  and  point 
out  the  proper  method  of  analysing  each.  In  the  rules 
which  I  propose  to  give,  I  shall  follow  Bergman,  to 
whom  we  are  indebted  for  the  first  precise  treatise  on 
the  analysis  of  ores,  except  when  his  methods  have  been 
superseded  by  the  improvements  of  succeeding  che- 
mists. 

I.  Gold  Ores. 

The  presence  of  gold  may  easily  be  detected  by  treat- 
ing the  mineral  supposed  to  contain  it  with  nitre-mu- 
riatic acid,  and  dropping  muriat  of  tin  into  the  solu- 
tion. If  the  solution  contains  any  gold  a  purple  pre- 
cipitate immediately  appears. 
Analysis  of  Native  gold  ought  to  be  dissolved  in  nitro-muriatic 
native  gold.         .  ^  sjjve).^  j£  any  ^  presejjt}  f2i]s  t0  the  bottom  in 

the  state  of  muriat,  and  may  be  separated  by  filtration, 
and  weighed.  Pour  sulpiiat  of  iron  into  the  solution, 
and  the  gold  is  precipitated  in  the  metallic  state.  The 
copper,  if  any  be  present,  may  be  precipitated  by  means 
of  a  plate  of  iron.  The  presence  of  iron  may  be  ascer- 
tained by  dropping  tincture  of  nutgalls  into  a  portion 
of  the  solution  *. 


*  Bergman,  ii.  410. 
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The  auriferous  pyrites  may  be  treated  with  diluted  ^  Chap,  iil 
.itrous  acid,  which  dissolves  the  iron  and  separates  the 
uulphur.    The  gold  remains  insoluble,  and  is  found  in 
le  state  of  small  grains. 

II.  Ores  of  Platinum. 

The  most  complete  treatise  on  the  analysis  of  the 
ftpe  of  this  metal  which  has  hitherto  appeared  is  that 
i»f  Proust.  But  even  the  experiments  of  this  ingenious 
fcbemist  are  not  sufficient  to  make  us  thoroughly  ac- 
quainted with  this  complicated  ore.  No  accurate  me- 
thod of  analysis  then  can  be  expected.  Proust  first  proust'5 
cparates  the  sand  with  which  the  grains  of  platina  are  method  of 

*  01  analysing 

•.nixed,  by  exposing  them  to  a  blast  of  air.    By  he'at  he  platma. 
evaporates  the  mercury,  which  still  adheres  to  them  *, 
nnd  then  picks  out  the  grains  of  gold,  which  are  thus 
•endered  visible.    The  ore  is  then  dissolved  in  an  acid 
composed  of  1  part  of  nitre  and  3  parts  of  muriatic  . 
ucid.    A  black  powder  remains.    This  powder,  when 
oasted,  gives  out  phosphorus  and  sulphur.    After  this 
tt  is  dissolved  by  nitro-muriatic  acid,  except  a  small  re- 
siduum, which  is  plumbago.    The  solutions  are  then 
:o  be  mixed.    They  consist  of  muriats  of  platinum, 
und  oxy-muriats  of  copper  and  iron.    By  evaporating 
cill  the  liquid  when  cold  assumes  a  consistency  greater 
than  honey,  and  inclining  the  retort,  the  oxy-muriats 
•un  off,  and  leave  the  muriat  of  platinum,  which  may 
oe  obtained  pure  by  repeated  solutions  and  crystalliza- 
tions.   The  solution  containing  the  muriats,  and  per- 


*  Platina  is  found  always  mixed  with  grains  of  gold.  The  Spanish 
miners  separate  the  gold  by  amalgamation  ;  but  part  of  the  gold  usually 
rc «mains  in  the  state  of  an  amalgam. 
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Book  iii.^  ]13pS  a]s0  a  j;tt]e  platinum,  is  to  be  diluted  with  a  great 
proportion  of  water,  and  pure  ammonia  dropt  in.  The 
red  oxide  of  iron  precipitates,  and  may  be  estimated 
weighing  it.  When  the  solution  is  somewhat  concenJ 
trated,  ammonia  precipitates  the  platinum  in  the  statj 
of  a  triple  salt ;  and  the  copper,  which  now  only  reJ 
mains,  may  be  precipitated  by  a  plate  of  iron  *. 

III.  Ores  of  Silver. 

The  analysis  of  the  ores  of  silver  has  been  always 
considered  as  very  important,  on  account  of  the  great 
value  of  the  metal  which  they  contain  in  greatest  abun- 
dance-. 

Analysis  of       i .  Native  silver  is  to  be  dissolved  in  nitric  acid.  The 
native  sil-    gold,  if  the  ore  contains  any,  remains  in  the  state  of  a 
black  powder,  and  may  be  dried  and  weighed.  The 
silver  may  be  precipitated  by  common  salt.    One  hun- 
dred parts  of  the  precipitate  dried,  denote  about  75  parts 
of  silver.    The  presence  of  copper  may  be  ascertained 
by  the  green  colour  of  the  solution,  and  by  the  blue  co-] 
lour  which  it  assumes  on  adding  ammonia.    The  cop- 
per may  be  precipitated  by  a  plate  of  iron,  or  by  the 
rules  laid  down  hereafter.    When  the  ore  contains  ar-l 
senic,  its  proportion  may  be  estimated  by  weighing  be- 
fore and  after  fusion  ;  for  the  arsenic  is  dissipated  by 
heat,  or  the  ore  may  be  dissolved  as  before  in  nitric 
acid,  which  acidifies  the  arsenic.    After  the  separation 
of  the  silver,  -  the  arsenic  acid  may  be  precipitated  by  . 
nitrat  of  lead,  100  parts  of  the  dry  precipitate  indica-j 
ting  about  12  of  arsenic. 

2.  Alloy  of  silver  and  antimony  is  to  be  treated! 


*  Ann.  dc  Cbim.  XXXviii.  146. 
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ith  nitric  acid,  which  dissolves  the  silver  and  oxidates    Chap,  ill, 
le  antimony.    The  silver  is  estimated  as  above.  The 
tide  of  antimony  may  be  reduced  by1  fusion  with 
>ur  times  its  weight  of  black  flux  and  a  little  soap  *. 

3.  Sulphuret  of  silver  is  to  be  treated  with  diluted  Sulphuret 
:  trie  acid,  which  dissolves  the  silver,   leaving  the      S1  ver- 
•eater  part  of  the  sulphur  untouched.    The  residuum 

to  be  dried,  and  then  the  sulphur  burnt  off".  The 
ss  of  weight  gives  the  sulphur.  The  residuum,  if  any, 
the  gangue  of  the  ore,  which  may  be  analysed  by  the 
lies  laid  down  in  the  First  Section  of  this  Chapter, 
he  silver  is  to  be  precipitated  by  common  salt ;  and 

de  other  metals,  if  any  be  present,  may  be  ascertained 
;  above.  Part  of  the  sulphur  is  always  acidified  The 
id  thus  formed  may  be  precipitated  by  nitrat  of  ba- 
tes,  100  parts  of  the  dried  precipitate  indicating 

)>out  14.5  of  sulphur. 

4.  Antimoniated  silver  ore  was  analysed  by  Klaproth  Antimoni- 
the  following  manner:  100  parts  of  it  were  boiled  ^Sllver 
diluted  nitric  acid.  The  residuum,  washed  and  dried, 

aas  26.    These  26  were  digested  in  nitro-muriatic 
::id.    The  residuum  now  weighed  13  (so  that  13  had 
cen  dissolved),  1 2  of  which  were  gulphur,  and  burnt 
»vay,  leaving  behind  them  one  part  of  silica.  The 
tro-muriatic  solution,  when  diluted  largely  with  water, 
tt  fall  a  precipitate  which  weighed  13  (or  10  of  pure 
itimony),  and  had  the  properties  of  oxide  of  antimony; 
•r  they  did  not  evaporate  till  heated  to  redness,  but  at 
at  temperature  were  dissipated  in  a  grey  smoke. 
The  nitric  solution  was  green.    Common  salt  occa- 
)Dned  a  precipitats  which  weighed  87.75,  equivalent 


*  Selb.  Kirwan's  Min.  ii.  346. 
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to  65.81  of  pure  silver.  After  the  separation  of  tin's 
muriat  of  silver,  sulphat  of  soda  occasioned  no  pre  ipW 
tate.  Therefore  the  solution  contained  no  lead.  When 
supersaturated  with  soda,  a  grey  precipitate  fell  weigh- 
ing 5  parts.  On  burning  coals  this  precipitate  gave  out 
an  arsenical  smell.  It  was  redissolved  in  nitric  acid  j 
sulphurated  alkali  occasioned  a  smutty  brown  precipu 
tate  ;  and  prussic  alkali  a  prussian  blue,  which,  aftetfj 
torrefaction,  was  magnetic.  Hence  he  concluded,  thm 
these  ,5  parts  were  a  combination  of  iron  and  arsenuj 
acid. 

The  nitric  solution  which  had  been  supersaturated 
with  ammonia  was  blue  ;  he  therefore  suspected  that  Hjl 
contained  copper.  To  discover  this,  he  saturated  it 
with  sulphuric  acid,  and  put  into  it  a  polished  plate  o^ 
iron.  The  quantity  of  copper  was  so  small,  that  nonej 
could  be  collected  on  the  iron  *. 

5.  Sulphuret  of  silver  and  copper  may  be  analysed 
as  No.  3.  separating  the  copper  by  means  of  a  plate  of 
iron. 

6.  Calciform  silver  ore  may  be  analysed  as  No.  a| 
separating  the  copper,  if  any  be  present,  by  means  0$ 
an  iron  plate,  and  estimating  the  carbonic  acid  that' 
escapes  when  the  ore  is  heated  or  dissolved  in  r.itric 
acid. 

7.  Red  silver  ore  was  analysed  by  Vauquelin  in  the 
following  manner  :  One  hundred  parts  of  it  were  dige 
ed  in  500  parts  of  nitric  acid  previously  diluted  w 
water  f.   The  undissolved  residuum,  being  washed 
dried,  weighed  42.06.  Being  treated  with  muriatic  ac 


*  KlaprottYs  Beitragc,  i.  1 63. 
f  No  effervescence  occurred  during  the  solution  ;  a  proof  that  the  m 
tals  existed  in  the  ore  in  the  state  of  oxides. 
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\was  all  dissolved  except  14.66  parts,  which  were  sul-  (chaP- 
lur.  The  muriatic  solution,  when  diluted  with  a  great 
nantity  of  water,  deposited  a  white  powder,  which 
eighed  21.25,  anc*  was  oxide  of  antimony.  The  ni- 
uC  acid  solution  remained  still  to  be  examined.  Mu- 
Utic  acid  occasioned  a  heavy  precipitate,  which  weigh- 
.  72.66  parts,  and  which  was  muriat  of  silver.  Re- 
gents shewed  that  the  acid  retained  no  other  substance 
solution  *. 

.  8.  Muriat  of  silver  was  analysed  by  Klaproth  in  the  Muriat 
lllowing  manner  :  One  hundred  parts  of  it  were  mix-  S)lvci* 
:  I  with  thrice  their  weight  of  pure  carbonat  of  potass, 
id  melted  together  in  a  glass  retort.    The  mass  was 
ssolved  in  water,  and  the  solution  filtered.    A  resi- 
mm  remained,  which  was  dissolved  in  nitric  acid, 
ith  the  exception  of  a  red  powder ;  which,  treated 
ith  nitro-muriatic  acid,  was  dissolved,  except  a  little 
uriat  of  silver,  which,  when  reduced,  yielded  .5  of 
are  silver.    Ammonia  precipitated  from  the  nitro-mu- 
atic  solution  2.5  parts  of  oxide  of  iron.    The  nitric 
dilution  was  precipitated  by  common  salt ;  the  muriat 
t "  silver,  thus  obtained,  yielded,  when  reduced,  67.25 
':  pure  silver. 

The  original  aqueous  solution  of  the  alkaline  mass 
1  as  saturated  with  acetous  acid,  on  which  it  deposited 
.  75  parts  of  alumina.  The  solution  was  evaporated  to 
1 -yness,  and  the  dry  mass  treated  with  alcohol,  which 
!  issolved  the  acetite  of  potass.  The  residuum,  amount- 
lg  to  58.75  parts,  was  dissolved  in  water;  and  being 
eated  with  muriat  of  barytes,  15  parts  of  sulphat  of 
arytes  precipitated,  indicating  the  presence  of  about 


*  Jour,  de  Mi".  No.  xvii.  p.  a. 
K  2 
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Book        .5  of  sulphuric  acid,  or  0.75  sulphat  of  potass.  The  re 
maining  38  parts  were  muriat  of  potass,  indicating; 
bout  21  parts  of  muriatic  acid  *. 

IV.    Ores  of  Mercury. 

We  have  very  few  exact  analyses  of  the  ores  of 
cury,  owing,  perhaps,  to  the  facility  with  which 
mercury  is  extracted  from  them  by  distillation. 

1.  Native  mercury  and  amalgam  may  be  dissolved 
nitric  acid.  The  gold,  if  any  be  present,  remains  in 
state  of  powder,  and  may  be  estimated  by  its  weight} 
The  affusion  of  water  precipitates  the  bismuth,  if  the 
solution  happens  to  contain  any.  Common  salt  preci- 
pitates the  silver,  and  also  part  of  the  mercury  ;  but  the 
latter  may  be  redissolved  by  a  sufficient  quantity  of  wa- 
ter, or,  which  is  far  better,  of  oxy-muriatic  acid,  while 
the  muriat  of  silver  remains  insoluble.  Lastly,  the  mer*? 
cury  may  be  precipitated  by  sulph.at  of  iron,  and  esti^ 
mated  f . 

1.  Native  cinnabar  may  be  treated  with  a  mixture  of 
three  parts  muriatic  and  one  part  nitric  acid,  which 
dissolves  the  mercury,  and  leaves  the  sulphur.  The; 
mercury  may  be  estimated  as  in  the  last  paragraph  %.  4 

3.  Hepatic  mercurial  ore  has  not  been  analysed.  Its 
analysis  may  be  attempted  as  in  No.  2.  or  by  dissolving 
it  in  nitric  acid. 

4.  Muriat  of  mercury  may  be  digested  in  muriatic 
acid  till  the  whole  is  dissolved.    Muriat  of  barytes  pre- 
cipitates the  sulphuric  acid,  100  parts  of  which  are  equi- 
valent to  1 86  of  sulphat  of  mercury  ;  and  the  propor- 


Cinnabar. 


Muriat  of 
mercury. 


*  Klaproth's  B:  rtmge,  i.  13a.  f  Bergman,  iL  421. 

1  Hildcbrandt,  Kirwan's  Mineral,  iL  420. 
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in  of  this  salt  being  known,  we  have  that  of  the  mu-  Chap.m. 
it*. 

V.    Ores  of  Copper. 

11.  Native  copper  sometimes  contains  gold,  silver,  or  Native  cop- 
wn.    It  may  be  dissolved  in  nitric  acid  ;  the  gold  re-  per" 
tins  in  the  state  of  a  blackish  or  rather  violet  colour- 
!  powder  ;  the  silver  may  be  separated  by  a  polished 
pate  of  copper  (or  it  may  be  precipitated  from  a  sepa- 
:te  portion  of  the  solution  by  common  salt) ;  the  iron 
ay  be  separated  by  boiling  the  solution  to  dryness,  and 
sating  the  residuum  with  water.    By  this  process,  the 
I  trat  of  iron  is  decomposed  ;  the  oxide  of  iron  remains, 
Ihile  the  water  dissolves  the  nitrat  of  copper  f .  This 
st  salt  may  be  decomposed  by  boiling  it  with  potass  : 
e  precipitate,  dried  in  a  red  heat,  is  black  oxide  of 
>pper.    One  hundred  parts  of  it  denote  80  of  metallic 
upper}. 

2.  Sulphuret  of  copper  may  be  dissolved  in  diluted  Sutohuret 
Uric  acid.   Part  of  the  sulphur  remains  unaltered,  and  °f  C0PPen 

ay  be  estimated  by  weighing  it,  and  burning  it  off. 
_art  is  acidified,  and  may  be  precipitated  by  nitrat  of 
torytes;  100  parts  of  the  dried  precipitate  indicating 
|4 -3  of  sulphur.  By  evaporation  to  dryness,  and  soiu- 
1011  in  water,  the  iron  is  separated;  and  the  copper  may 
Be  estimated  as  in  the  last  paragraph  ;  or  muriatic  acid 
nay  be  used  instead  of  nitric  :  but  in  that  case  it  is 

lore  difficult  to  obtain  a  complete  solution. 

3.  Grey  copper  ore  was  analysed  by  Kla'proth  in  the  Greycop- 
jllowing  manner  :  Three  hundred  parts  of  it  were  di-  per  are' 


*  Bergman,  ii.  423.  f  Ibid,  p.  427. 

J  Chcnevix,  Phil.  Trant.  1801,  p.  209. 
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Book  II!.   gested  with  four  times  their  weight  of  nitric  acid.  This* 
operation  was  repeated,  and  the  two  acid  liquids  mix- 
ed.    The  undissolved  residuum  was  188  parts.  Tha 
nitric  solution  was  green,  and,  when  common  salt  was! 
added  to  it,  muriat  of  silver  precipitated.    The  solu- 
tion being  now  supersaturated  with  ammonia,  9.5  parts 
of  a  flaky  red  precipitate  were  obtained  ;  which  was 
found  to  be  composed  of  silica,  alumina,  and  iron,  bw 
t         dissolving  it  in  muriatic  acid,  and  proceeding  by  the! 
rules  laid  down  in  the  First  Section  of  this  Chapter.  Aj 
polished  iron  plate  precipitated  from  the  nitric  solution 
69  parts  of  copper. 

The  188  parts  of  residuum  were  boiled  with  six  times 
their  weight  of  muriatic  acid  ;  105.5  parts  remained 
undissolved,  which  were  sulphur  and  silica.  The  vwxJk 
riatic  acid  solution  being  concentrated,  yielded  a  littla 
muriat  of  silver.  Being  diluted  with  a  large  portion  00 
water,  a  white  powder  precipitated,  which  weighed  j 
97.5  parts,  and  was  oxide  of  antimony. 

Red  copper      4.  Red  copper  ore  has  only  to  be  dissolved  in  muriaticl 
acid,  and  the  copper  precipitated  by  a  plate  of  iron  ;  88 
parts  of  the  precipitated  copper  being  equivalent  to  ioai 
of  the  orange  oxide  of  which  the  ore  is  composed. 

Oxides.  ^  The  analysis  of  the  oxides  and  carbonats  of  copper! 

scarcely  requires  any  remarks.  The  water  and  carbo-J 
nic  acid  must  be  estimated  by  distillation  in  close  ves8 
sels,  and  collecting  the  products.  The  ore  may  then  bel 
dissolved  in  nitric  acid,  and  its  copper  ascertained  asl 
above. 

6.  Arseniat  of  copper  was  analysed  by  Mr  Chenevixr| 
in  the  following  manner :  The  ore  was  dissolved  in  dlM 
luted  nitric  acid,  and  nitrat  of  lead  poured  in.  The  soJ 
lution  was  evaporated  till  a  precipitate  began  to  appearJ 
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i.nd  then  mixed  with  alcohol.    Arseniat  of  lead  preci-    Chap. nr. 
topated.    One  hundred  parts  of  this  salt  indicate  33  of  / 
r.rseaic  acid.    The  copper  was  separated  from  the  ni- 
iric  acid  by  boiling  it  with  potass  *. 

VI.    Ores  of  Iron. 

Notwithstanding  the  great  variety  of  iron  ores,  they 
nay  be  all,  as  far  as  analysis  is  concerned,  arranged  un- 
ler  three  heads;  namely,  1.  Sulphurets ;  2.  Oxides; 
ind,  3.  Salts. 

1.  Pyrites,  or  sulphurated  iron,  may  be  treated  re-  Pyrites 
vpeatedly  with  boiling  nitric  acid  till  the  sulphur  is  aci- 
ified.  Muriatic  acid  is  then  to  be  added,  and  the  di- 
gestion continued  till  the  whole  be  dissolved  f.  Muriat 
of  barytes  is  then  to  be  added  to  precipitate  the  sulphu- 
ric acid;  100  of  the  dried  precipitate  indicates  14.5  of 
sulphur.  If  the  solution  contains  only  iron,  it  may  be 
precipitated  by  carbonat  of  soda,  calcined  to  redness, 
and  weighed.  But  if  earths  or  manganese  be  present, 
e  must  proceed  by  the  rules  laid  down  in  the  First 
Section  of  this  Chapter. 

2.  If  the  oxides  of  iron  be  pure,  that  is  to  say,  con-  Oxides, 
t tain  nothing-  but  iron,  we  have  only  to  dissolve  them 
iin  muriatic  acid,  and  precipitate  them  as  above.  But  it 
s  very  seldom  that  ores  possess  this  perfect  degree  of 
[purity.  The  iron  is  usually  combined  with  manganese, 
^alumina,  silica,  or  with  all  of  these  together.  The  an- 
alysis is  to  be  conducted  exactly  according  to  the  rules 
laid  down  in  the  First  Section  of  this  Chapter. 


*  PHI.  Trans.  1801,  p.  1 95. 

f  If  any  siliceous  gangue  be  mixed  with  the  ore,  of  course  it  will  re- 
rmain  undissolved,  and  mil--  K-  analysed  according  to  the  rules  laid  down 
.  in  the  First  Section  of  this  Chapter. 

K4 
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Book  III.  ^.  The  sparry  iron  ore  may  be  analysed  in  the  same 
Sparry  iron  manner,  excepting  only  that  the  carbonic  acid  gas  must 
be  separated  by  distillation  or  solution  in  close  vessel^ 
and  estimated  by  the  rules  laid  down  in  the  Fourth 
Chapter  of  the  la>t  Book  *. 
Arseniat.  4.  Arseniat  of  iron  was  analysed  by  Mr  Chcnevix  in 
the  following  manner  :  One  hundred  parts  of  it  wctw 
boiled  with  potass  till  the  arsenic  acid  was  separated^ 
Nitrat  of  lead  was  mixed  with  the  solution  ;  ico  partqj 
of  the  precipitate  indicated  33  of  ars.nic  acid.  That, 
portion  of  the  ore  which  eluded  the  action  of  the  potas% 
was  treated  with  muriatic  acid  ;  the  undissolved  rcsu; 
duum  was  silica.  The  muriatic  acid  was  supersatura- 
ted with  ammonia.  The  iron  precipitated ;  but  the, 
copper  was  dissolved  by  the  ammonia  f* 

VII.  Ores  of  Tin. 

For  the  method  of  analysing  the  ores  of  tin  we  are 
indebted  solely  to  Klaproth  ;  the  mode  of  analysis  in- 
dicated by  Bergman  does  not  succeed. 
Sulphuret        lm  The  sulphuret  of  tin  was  thus  analysed  by  Kla- 

of  tin.  r  .  '     .  . 

proth  :  1 20  parts  of  the  ore  was  digested  with  nitro- 
muriatic  acid.  43  parts  remained  undissolved.  Of  rhesc, 
30  burnt  away  with  a  blue  flame,  and  were  sulphur ; 
of  the  remaining  13,  8  dissolved  in  nitro-muriatic  acid. 
The  undissolved  5  were  heated  with  wax,  and  yielded 
a  grain  of  iron  attracted  by  the  magnet.  The  rest  was 
a  mixture  of  alumina  and  silica.  The  nitro- muriatic 
solution  was  completely  precipitated  by  potass,  and  the 
precipitate  redissolved  in  muriatic  acid.  -  A  cylinder  of  tin 


*  See  Vol.  III.  p.  403. 


f  Yhil.  Trans.  l8ci,  p.  219. 
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precipitated  44  parts  *  of  copper  from  this  solution,    Chap.  ill. 
!  nd  lost  itself  89  parts  of  its  weight.    A  cylinder  of 
:  ;inc  precipitated  130  parts  of  tin  *,  so  that,  deducting 
ihe  89  parts  of  tin  dissolved  during  the  precipitation  of 
he  copper,  41  remain  for  the  tin  contained  in  the  oref. 

2.  Tinstone  was  thus  analysed  by  the  same  celebra-  Tinstone 
ied  chemist.  One  hundred  parts  of  the  ore  were  heated 
co  redness,  with  600  parts  of  potass,  in  a  silver  crucible; 
;nd  the  mixture  being  treated  with  warm  water,  1 1 
>iarts  remained  undissolved.  These  11,  by  a  repetition 
of  the  treatment  with  potass,  were  reduced  to  i^th. 
This  small  residuum  dissolved  in  muriatic  acid.  Zinc 
precipitated  from  the  solution  one-haif  part  of  tin,  and 
:he  prussian  alkali  gave  a  blue  precipitate,  which  in- 
dicated one-fourth  part  of  iron. 

The  alkaline  solution  was  saturated  with  muriatic 
icid  ;  a  white  precipitate  appeared,  but  it  was  redissol- 
ved  by  adding  more  acid.  The  whole  was  precipitated 
Dy  carbonat  of  soda.  The  solution,  which  had  a  yel- 
lowish colour,  was  redissolved  in  muriatic  acid  ;  and  a 
cylinder  of  zinc  being  inserted  into  the  solution,  77  of 
tin  were  obtained,  indicating  nearly  98  parts  of  oxide  of 
in*. 

VIII.    Ores  of  Lead. 
1.  Sulphuret  of  lead  usually  contains  a  little  silver,  Sulphuret. 
ind  sometimes  also  antimony  and  zinc.  It  may  be  treat- 
ed with  diluted  nitric  acid,  which  leaves  only  the  sul- 
phur undissolved,  the  weight  of  which  is  to  be  taken, 
and  its  purity  determined  by  combustion.    If  antimony 


*  One  part  of  this  was  found  to  be  tin,  by  digesting  it  in  nitric  acid, 
■f  Observations  on  the  Foisi.'i  of  Cornwall,  p.  38,  English  Translation. 
J  Bejtrage,  ii.  254. 
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Boot  ill.    be  present,  it  will  either  remain  in  the  state  of  a  white 
oxide,  or,  if  dissolved,  it  will  be  precipitated  by  diluting 
the  solution  with  water.    Muriatic  acid  is  to  be  add- 
ed, and  the  solution  evaporated  till  it  is  reduced  to  a 
small  portion.    Muriat  of  lead  and  of  silver  precipitate. 
The  first  of  these  may  be  dissolved  in  boiling  water,  the 
second  remains  insoluble.   Westrum  separated  the  mu- 
riat of  silver  by  digesting  the  precipitate  with  ammo-, 
nia.    The  liquid  from  which  the  muriats  were  separa-j 
ted  may  contain  iron,  zinc,  copper.    The  iron  may  be, 
precipitated  by  ammonia  added  in  excess ;  the  copper^ 
by  a  plate  of  zinc :  the  zinc  may  be  precipitated  by 
carbonat  of  soda  reduced  to  the  metallic  state,  and  weigh-fl 
ed  ;  subtracting  what  had'been  separated  from  the  plate  i 
of  zinc. 

2.  Plumbiferous  antimoniated  silver  ore  was  thus  ana- 1 
lysed  by  Klaproth  :  It  was  digested  with  seven  times  its  j 
»ilver  ore.  weight  of  nitric  acid,  by  which  part  was  dissolved.  The 
residuum  was  treated  repeatedly  with  muriatic  acid, 
which  was  poured  off  while  boiling  hot.  What  remain- 
ed undissolved  was  sulphur  mixed  with  a  little  silica. 
Common  salt  was  added  to  the  nitric  solution  :  two 
precipitates  appeared,  i.  A  heavy  fleaky  one,  which  was 
muriat  of  silver;  2.  Acicular  crystals  of  muriat  of  lead. 
These  crystals  were  dissolved  in  water,  and  the  solu- 
tion  added  to  the  nitric  solution.  From  this  solution 
sulphat  of  soda  precipitated  a  heavy  white  powder, 
which  was  sulphat  of  lead.  Lastly,  ammonia  afforded 
a  precipitate,  which  was  a  mixture  of  iron  and  alumina. 
The  muriatic  solution  being  concentrated,  crystals  of 
muriat  of  lead  appeared  ;  the  concentration  w;:s  conti*  j 
nued  as  long  as  any  crystals  formed.  The  residuum 
being  diluted  with  water,  gave  a  white  precipitate, 
which  was  oxide  of  antimony. 


PInmbife 
rous  anti- 
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3.  The  bismuthic  silver  ore  was  analysed  by  Kla-  Clfap.iii^ 
ij  roth  nearly  in  the  same  manner. 

4.  Carbonat  of  lead  may  be  dissolved  in  nitric  acid,  Cartonat- 
tflollecting  and  estimating  the  carbonic  acid.  By  boiling 

H&e  solution,  the  iron  and  antimony  (if  any  be  present) 
rill  be  separated,  and  may  be  estimated  by  solution  in 

■t/mriatic  acid  ;  precipitating  the  antimony  by  water, 
i  nd  the  iron  by  ammonia.    From  the  nitric  solution 

ellhe  lead  may  be  precipitated  by  sulphuric  acid,  and  the 
irth  may  be  examined  by  th«v  rules  laid  down  in  the 

if  7irst  Section  of  this  Chapter. 

5.  Phosphat  of  lead  may  be  dissolved  in  boiling  mu-  ^"P1**1* 
'I  iatic  acid.   The  solution  is  to  be  diluted  with  water  till 

|!he  crystals  of  muriat  of  lead  are  dissolved  :  being  then 
I  aturated  with  ammonia,  the  lead  and  iron  are  precipi- 
tated. Dissolve  the  precipitate  in  muriatic  acid,  eva- 
riorate  to  dryness,  and  treat  the  dry  mass  with  alcohol. 
Iirhe  muriat  of  iron  is  dissolved  ;  but  the  muriat  of 
l*.ead  remains.  Finally,  drop  lime  water  into  the  am* 
rnoniacal  solution  as  long  as  any  precipitate  appears. 
Iirhat  precipitate  indicates  the  proportion  of  phosphoric 
hcid. 

6.  Arseniat  of  lead  has  not  been  analysed.    It  might  Arseniat. 
pe  treated  with  an  alkali,  which  would  separate  the  lead. 

if  his  metallic  precipitate  is  then  to  be  redissolved  in 
rnitric  acid,  and  analysed  by  the  methods  above  described. 
'The  alkaline  arseniat  may  be  dissolved  in  water,  and 
(treated  with  nitrat  of  lead  ;  100  parts  of  the  dry  preci- 
pitate indicate  33  of  lead. 

7 .  Molybdat  of  lead  was  thus  analysed  by  Mr  Hatchet.  Mo]ybdat- 
The  ore  was  boiled  repeatedly  with  sulphuric  acid  till 

the  acid  refused  to  dissolve  any  more.  The  solution 
contained  the  malybdic  acid.    The  undissolved  powder 
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(sulphat  of  lead)  was  boiled  for  an  hour  with  carbonaiB 
of  soda,  and  then  washed.  Nitric  acid  now  dissolved  it] 
except  a  little  silica.  The  lead  was  precipitated  fromjfe 
this  solution  by  sulphuric  acid ;  after  which  ammoniali 
separated  a  little  oxide  of  iron.  The  sulphuric  acid  so-J* 
lution  was  diluted  with  16  parts  of  water,  and  saturated!! 
with  ammonia ;  a  little  oxide  of  iron  gradually  preci4| 
pitated.  The  solution  was  now  evaporated  to  drynessjl 
and  the  mass  strongly  heated  to  separate  the  sulphat  ont 
ammonia.  The  residuum  repeatedly  treated  with  ni-|l 
trie  acid  was  converted  into  yellow  molybdic  acid. 

IX.    Ores  of  Nickel. 

No  exact  method  of  analysing  the  ores  of  nickel  hasH 
as  yet  been  published. 

1.  Kupfer  nickel  may  be  dissolved  in  nitric  acid,  by 
which  the  greatest  part  of  the  sulphur  will  be  separa-| 
ted.  The  arsenic  may  be  afterwards  precipitated  by 
the  affusion  of  water.  A  plate  of  iron  will  expel  the 
copper,  if  any  be  present.  Precipitate  by  potass  added 
in  excess,  and  boil  the  precipitate,  which  will  separate 
the  arsenic  and  sulphur  completely.  Dissolve  the  pre- 
cipitate (previously  exposed  moist  for  some  time  to  the 
air)  in  acetous  acid,  and  add  an  excess  of  ammonia.  The 
iron  is  precipitated  ;  but  the  cobalt  and  nickel  remain 
in  solution.  Evaporate,  and  the  cobalt  is  deposited  ; 
then  by  continuing  the  evaporation  to  dryness  the  nickel 
is  obtained. 

2.  The  arseniat  of  nickel  may  be  boiled  with  potass, 
which  separates  the  acid  ;  the  residuum  may  be  analy- 
sed as  in  the  last  paragraph. 


X.    Ores  of  Zinc. 


Blende. 


1.  Blende  may  be  treated  with  diluted  nitric  acid, 
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which  will  separate  the  sulphur,  the  siliceous  gangue,  Chap.m.^ 
gco.  The  purity  of  the  sulphur  is  to  be  ascertained  by 
combustion,  and  the  residuum  analysed  in  the  manner 
formerly  described.  Precipitate  the  nitric  solution  by 
soda,  redissolve  in  muriatic  acid,  precipitate  the  copper 
(if  any  be  present)  by  a  plate  of  iron  ;  separate  the  iron 
by  adding  an  excess  of  ammonia*.  The  zinc  now  only 
remains  in  the  solution;  which  may  be  obtained  by  eva- 
porating to  dryness,  redissolving  in  muriatic  acid,  and 
.precipitating  by  soda. 

2.  Calamine  may  be  digested  in  nitric  acid,  and  the  Calamine 
insoluble  residuum  boiled  with  muriatic  acid  repeated- 
ly ;  what  remains  after  dilution  with  boiling  water  is  si- 
lica. The  nitric  solution  contains  zinc,  and  probably 
also  iron  and  alumina  :  evaporate  to  dryness,  redissolve, 
and  add  an  excess  of  ammonia.  The  iron  and  alumina 
either  remain  undissolved  or  are  precipitated,  and  they 
may  be  separated  by  potass.  The  zinc  may  be  preci- 
pitated by  an  acid,  or  by  evaporation  to  dryness.  The 
muriatic  solution  probably  contains  iron  and  alumina, 
which  may  be  precipitated  by  the  rules  already  laid 
down. 

XI.    Ores  of  Antimony. 

1.  Native  antimony  may  be  treated  with  nitric  acid,  Native an- 
which  will  oxidate  the  antimony,  and  partly  dissolve  the  timony* 
arsenic.    This  last  metal  may  be  precipitated  by  con- 
centration and  the  affusion  of  water.    What  remains 

with  the  antimony  may  be  dissolved  by  digestion  in 
boiling  water. 

2.  Sulphuret  of  antimony  is  to  be  treated  with  nitro-  Sulphuret. 


*  Eoil  this  precipitate  in  potass,  to  separate  the  alumina. 
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muriatic  acid.  The  sulphur  and  the  muriat  of  silvejl 
(if  any  silver  be  present)  will  remain.  Water  precifi 
pitates  the  antimony  ;  sulphuric  acid,  the  lead  j  an| 
ammonia,  the  iron. 

XII.    Ores  of  Bismuth. 

Native  bismuth  may  be  treated  with  nitric  acidj 
Repeated  concentrations  and  affusions  of  water  precipij 
tate  the  bismuth,  and  perhaps  the  arsenic  ;  but  this  lasl 
may  be  redissolved  in  boiling  water.  The  cobalt  re] 
mains,  and  may  be  examined  by  the  rules  to  be  hereaf 
ter  laid  down.  The  same  analysis  succeeds  with  th 
other  ores  of  cobalt.  The  sulphur  when  present  re 
mains  undissolved. 

XIII.    Ores  of  Tellurium. 

Klaproth  dissolved  the  white  gold  ore  of  Fatzbay  i 
nitro-muriatic  acid,  and  added  potass  in  excess  to  th 
solution.  A  brown  precipitate  remained  undissolved 
which  was  a  mixture  of  gold  and  iron.  It  was  redis 
solved  in  nitro-muriatic  acid,  the  gold  first  precipitate 
by  nitrat  of  mercury,  and  then  the  iron  by  potass.  Th 
potass  in  the  first  solution  being  saturated  with  muria 
tic  acid,  the  oxide  of  tellurium  precipitated*. 

The  other  ores  may  be  analysed  in  the  same  manner 
only  the  precipitate  occasioned  by  the  potass  must  t 
treated  according  to  the  metals  of  which  it  consists.  The 
rules  have  been  already  laid  down. 

XIV.    Ores  of  Arsenic. 
/    x.  Native  arsenic  may  be  treated  with  nitro-muriati 


*  Crell's  Annals,  1798.  i.  95. 
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acid.  The  silver  and  gold  remain  ;  the  first  in  the  state  Chap. III. ^ 
of  a  muriat ;  the  second  may  be  dissolved  by  means  of 
nitro-muriatic  acid,  and  precipitated  by  sulphat  of  iron. 
The  arsenic  may  be  precipitated  by  concentrating  the 
nitric  solution,  and  then  diluting  with  water.  The  iron 
may  then  be  precipitated  by  ammonia. 

I  2.  The  sulphurated  ores  of  arsenic  may  likewise  be  Sulphurets. 
treated  with  diluted  nitro-muriatic  acid.    The  sulphur 
remains  undissolved  ;  the  arsenic  may  be  precipitated 
by  concentration  and  the  affusion  of  water  ;  the  iron 
by  ammonia. 

3.  Oxide  of  arsenic  may  be  dissolved  in  sixteen  parts  Oxide 
of  water.    The  solution  displays  acid  properties,  and 
nitrat  of  silver  and  of  mercury  occasion  precipitates  in  it. 

XV.    Ores  of  Cobalt. 

1.  White  cobalt  ore  was  thus  analysed  by  Tassaert.  white  co- 
'To  ascertain  the  proportion  of  arsenic  he  treated  the  kaltore, 
ore  with  diluted  nitric  acid,  and  obtained  a  complete  so- 
lution.   Crystals  of  white  oxide  of  arsenic  were  depo- 
sited, and  by  repeated  evaporations  he  separated  the 
Whole  of  the  arsenic,  and  ascertained  its  weight.  He 
then  boiled  a  new  portion  of  the  ore  with  four  times  its 
•weight  of  nitric  acid,  and  thus  acidified  the  arsenic,  and 
obtained  a  solution.    This  solution  was  treated  with 
potass,  which  retained  the  arsenic  acid,  and  separated 
the  other  bodies.    A  precipitate  of  arsenkt  of  cobalt, 
which  had  fallen  when  the  nitric  solution  was  diluted 
with  water,  was  treated  with  potass  for  the  same  rea- 
son.   The  residuum,  together  with  the  precipitate  oc- 
casioned by  the  potass,  was  dissolved  in  nitric  acid,  and 
ammonia  added  in  excess.    Part  was  retained  in  solu- 
,  tion  by  the  ammonia ;  but  part  was  precipitated.  The 
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<  Eo°k  precipitate  was  dissolved  in  acetous  acid,  and  the  solu4| 
tion  repeatedly  evaporated  to  dryness.  By  this  pro-J 
cess  the  oxide  of  iron  gradually  separated  in  the  form  oil 
a  red  powder.  The  dissolved  part  was  acetite  of  co-jj 
bait.  It  was  decomposed  by  the  addition  of  ammonia! 
in  excess,  which  redissolved  the  cobalt.  By  these  pro-U 
cesses  the  arsenic  and  iron  were  separated  ;  the  cobalq 
was  retained  by  the  ammonia,  and  was  obtained  by  eva-l 
poration.  To  ascertain  the  proportion  of  sulphur  in  the! 
ore  a  new  portion  was  boiled  with  nitric  acid.  On  cool- 
ing, crystals  of  white  oxide  of  arsenic  were  deposited. 
These  being  separated,  nitrat  of  barytes  was  added  to 
the  solution  ;  100  parts  of  the  dried  precipitate  indica- 
ted 14.5  of  sulphur*. 

The  other  ores  of  cobalt  may  be  analysed  nearly  in 
the  same  way. 

XVI.    Ores  of  Manganese. 

Baryted  l>  Barytated  manganese  was  treated  by  Vauquelin 

manganese.  wjt|1  muriatic  acid  ;  oxy-muriatic  gas  passed  over,  and 
the  whole  was  dissolved  except  a  little  charcoal  and  si- 
lica. The  solution  w  hen  evaporated  yielded  crystals  of 
muriat  of  barytes.  These  were  separated  ;  and  the  li- 
quid, evaporated  to  dryness,  yielded  a  yellow  mass  so- 
luble in  alcohol,  and  tinging  its  flame  with  yellow  bril- 
liant sparks.  The  proportion  of  barytes  was  ascertain- 
ed by  precipitating  it  in  the  state  of  a  sulphat ;  the 
manganese,  by  precipitating  it  by  carbonat  of  potass f. 
Grey  ore  of  2.  The  grey  ore  of  manganese  was  treated  by  the  same 
manganese.  c^emjst  with  muriatic  acid  ;  some  silica  remained  un- 
dissolved.   Carbonat  of  potass  was  added  to  the  solu- 


*  Ann.  dt  Clim,xvmi.  92. 
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tion.  -The  precipitate  was  at  first  white,  but  became  Chap, 
black  when  exposed  to  the  air.  It  was  treated  with 
nitric  acid,  which  dissolved  everj  thing  but  the  man- 
ganese and  iron  (if  any  had  been  present.)  The  nitric 
solution,  when  mixed  with  carbonat  of  potass,  deposited 
only  carbonat  of  lime.  The  black  residuum  was  mix- 
ed with  sugar,  and  treated  with  nitric  acid.  The  solu- 
tion was  complete  5  therefore  no  iron  was  present. 

The  same  processes  will  succeed  with  the  other  ores 
of  manganese.  When  iron  is  present,  it  may  be  sepa- 
rated either  as  above,  or  by  the  rules  laid  down  in  the 
First  Section  of  this  Chapter. 

XVIL    Ores  of  Tungsten. 

1.  Wolfram  was  analysed  by  the  Elhuyarts,  and  by  Wolfram 
Vauauelin  and  Hecht,  nearly  as  follows  :  The  ore  was 

boiled  with  muriatic  acid,  and  then  digested  with  am- 
monia alternately  till  the  whole  was  dissolved.  The 
ammoniacal  solutions  being  evaporated  to  dryness  and 
calcined,  left  the  yellow  oxide  of  tungsten  in  a  state  of 
purity.  The  muriatic  solutions  were  mixed  with  sul- 
phuric acid,  evaporated  to  dryness,  and  the  residuum 
redissolved  in  water.  A  little  'silica  remained.  Car- 
bonat of  potass  precipitated  a  brown  powder  from  this 
solution.  This  powder  was  treated  with  boiling  nitric 
acid  repeatedly,  till  the  iron  which  it  contained  was  ox- 
idated to  a  maximum.  It  was  then  digested' in  acetous 
acid,  which  dissolved  the  manganese,  and  left  the  iron. 
Finally,  the  manganese  was  precipitated  by  an  alkali. 

2.  fungstat  of  lime  may  be  treated  with  nitro-muri-  Tungstat 
atic  acid  till     ery  thing  soluble  is  taken  up.  The  resi-  ^me" 
duum  is  yellow  oxidfc  of  tungsten.    Its  purity  may  be 

tried  by  solution  in  ammonia.    The  nitro-muriatic  so- 
Vol.  IV.  L 
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BooklH.   Jution  contains  lime,  and  perhaps  a  little  iron  and  al 
mina.    It  may  be  examined  by  the  rules  laid  down 
the  First  Section  of  this  Chapter. 

XVllI.    Ores  of  Molybdenum. 
Molybde-        Molybdena  may  be  treated  with  nitric  acid  succe 
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sively  boiled  upon  it  till  it  is  converted  into  a  whirjl 
powder.  This  powder,  washed  and  dried,  is  molybdijj 
acid  The  liquid  obtained  by  washing  the  acid,  on  thU 
addition  of  potass,  deposites  some  more  molybdic  acidjj 
This  being  separated,  muriat  of  barytes  is  to  be  drool 
into  it  as  long  as  any  precipitate  appears,  ico  parts  qj 
this  precipitate  indicate  14.5  of  sulphur. 

XIX.  Ores  of  Uranium. 

Pechblende.  *•  Pechblende  01'  the  black,  ore  of  uranium  was  disi 
solved  by  Klaproth  in  nitric  acid.  The  undissolved 
part  is  a  mixture  of  silica  and  sulphur.  By  evaporajj 
ting  the  solution,  nitrat  of  lead  was  precipitated  ;  theil 
nitrated  uranium  in  crystals.  The  solution  being  no™ 
evaporated  to  dryness,  and  treated  again  with  nitric  acini 
left  the  iron  in  the  state  of  red  oxide. 
Uranitic  2"  Uranitic  ochre  may  be  treated  with  nitric  acidjj 

ochre.  which  dissolves  the  uranium,  and  leaves  the  iron.  Thj 
purity  of  the  iron  may  be  tried  by  the  rules  alreadjl 
laid  down. 

Greenmka.  3-  Green  mica  was  dissolved  by  Klaproth  in  nitrid 
acid  and  ammonia  added  in  excess  to  the  solution.  Th<jj 
oxide  of  uranium  was  precipitated  ;  that  of  copper  re 
tained. 

XX.  Ores  of  Titanium. 
The  ores  of  titanium,  reduced  as  usual  to  a  fine  pow 

der,  are  to  be  fused  with  potass  or  its  carbonat.  Th 
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tnelted  mass  is  then  to  be  dissolved  in  hot  water.    A   _  chaP;_1ILj 
white  precipitate  gradually  separates,  which  is  the 
white  oxide  of  titanium.    This  is  all  that  is  necessa- 
ry to  analyse  the  first  species.    But  when  iron  and  si- 
lica are  present,  the  following  method  of  Chenevix  may  Menacha- 
be  adopted.    Saturate  the  alkaline  solution  with  muri-  mte- 
atic  acid.    White  oxide  of  titanium  precipitates.  Se- 
parate the  precipitate,  and  evaporate  the  solution  to 
dryness.    Redissolve  the  residuum  in  water.    The  si- 
lica remains  behind.     Precipitate  the  solution  by  an  al- 
kali ;  add  the  precipitate  to  the  white  oxide  obtained  at 
first,  and  dissolve  the  whole  in  sulphuric  acid.  From 
this  solution  phosphoric  acid  precipitates  the  titanium, 
but  leaves  the  iron*  . 

The  third  species,  which  contains  lime  and  no  iron, 
is  to  be  fused  with  potass,  dissolved  in  muriatic  acid, 
and  the  silica  separated  in  the  usual  way.  After  this 
the  titanium  is  first  to  be  separated  from  the  muriatic 
solution  by  ammonia  ;  and  afterwards  the  lime  by  an 
alkaline  carbonat. 

XXI.    Ores  of  Chromum. 

I .  Vauquelin  analysed  the  chromat  of  lead  in  the  fol-  chromat  of 
lowing  manner  :  When  boiled  with  a  sufficient  quan-  leaci* 
tity  of  carbonat  of  potass,  a  .  lively  effervescence  takes 
place  ;  the  acid  combines  with  the  potass,  and  the  car- 
bonat of  lead  is  formed,  and  remains  undissolved.  It  may 
be  dissolved  in  nitric  acid,  and  its  quantity  ascer  tained  by 
precipitation  with  sulphuric  acid.  Or  the  chromat  may 
be  treated  with  muriatic  acid  ;  muriat  of  lead  precipi- 
tates, and  chromic  acid  remains  in  solution.  This  process 


*  Nicholson's  Jpyrnal,  v.  13a. 
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must  be  repeated  till  the  whole  of  the  ore  is  decompo- 
sed. There  remains  in  solution  chromic  acid  mixed 
with  a  little  muriatic,  which  may  be  separated  by  means 
of  oxide  of  silver. 
Chromat  of  i.  Tassaert  analysed  the  chromat  of  iron  as  follows  : 
It  was  melted  with  eight  times  its  weight  of  potass  in  a 
crucible.  The  resulting  mass  dissolved  in  water  except 
a  brown  powder.  This  residuum  was  treated  with  mu- 
riatic acid,  which  dissolved  a  part  of  it.  Tbe  residu- 
um was  treated  as  at  first  with  potass  and  muriatic  acid, 
till  the  whole  was  dissolved.  The  alkaline  solution 
contained  the  chromic  acid  ;  the  muriatic  solution,  the 
iron,  still  mixed  with  a  little  chromum.  It  was  preci- 
pitated by  potass,  and  the  precipitate  boiled  with  that 
alkali,  to  separate  the  whole  of  the  chromic  acid.  Wh::t 
remained  was  pure  oxide  of  iron.  The  chromic  solu- 
tions were  saturated  with  nitric  acid,  and  mixed  with 
nitrat  of  lead.  The  resulting  precipitate  indicated  the 
proportion  of  chromic  acid  ;  for  ico  parts  of  chromat 
of  lead  indicate  about  35  of  chromic  acid. 


SECT.  IV. 

METHOD  OF  OBTAINING  PURE  METALS. 

The  method  of  analysing  the  different  ores  with  pre- 
cision being  ascertained,  we  have  it  in  our  power  to  ob- 
tain the  metals  in  a  state  of  purity,  which  is  often  ne- 
nessary  for  chemical  purposes.  In  this  Section  I  shaK 
give  a  short  view  of  the  processes  commonly  employed 
for  that  purpose. 
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1.  Gold.    To  obtain  pure  gold,  we  have  only  to  dis- 
solve the  gold  of  commerce  in  nitro- muriatic  acid,  and 

I  precipitate  the  metal  by  dropping  in  a  very  diluted  so- 
|  lution  of  sulphat  of  iron  ;  the  powder  which  precipi- 
:  tates,  after  being  well  washed  and  diied,  is  pure  gold. 

2.  Platinum.  Platinum  can  scarcely  be  obtained  per- 
fectly pure  in  the  metallic  state,'at  least  in  any  consider- 
•  able  quantity ;  because  a  sufficient  heat  for  melting  it 
,- cannot  be  obtained.  But  its  oxide  may  be  procured 
cquite  pure  from  the  muriat  of  platinum  and  ammonia, 
f prepared  by  the  rules  laid  down  in  the  last  Section. 
IThis  salt  is  to  be  decomposed  by  a  violent  heat,  and  the 
;  residuum,  if  necessary,  may  be  redissolved  in  nitro- 
rmuriatic  acid,  and  precipitated  with  soda. 

3.  Silver.  Dissolve  the  silver  of  commerce  in  nitric 
sacid,  and  precipitate  with  a  diluted  solution  of  sulphat 
.  of  iron.  The  precipitate  is  pure  silver.  Or  precipitate 
.with  common  salt ;  form*  five  precipitate  into  a  paste 
(With  soda  ;  put  it  into  a  crucible  lined  with  soda,  and 
ifuse  it  with  a  brisk  heat.    This  process  gives  a  button 

of  pure  silver. 

4.  Mercury  may  be  obtained  pure  by  distilling  a  mix- 
tture  of  two  parts  cinnabar  and  one  part  iron-filings  in 
san  iron  retort.  The  mercury  comes  over,  and  the  sul- 
iphuret  of  iron  remains  behind;  or  the  oxy-muriat  of 
i  mercury  may  be  decomposed  by  ammonia,  and  the  pre- 
cipitate heated  either  by  itself  or  mixed  with' oil. 

5.  Copper  may  be  dissolved  in  muriatic  acid,  and  the 
copper  precipitated  by  a  polished  plate  of  iron  ;  or  the 

I  black  oxide  of  copper,  obtained  by  decomposing  enpra- 
tted  ammonia,  may  be  melted  with  its  own  weight  of 
\  pounded  glass  and  pitch. 

6.  Iron  can  scarcely  be  obtained  perfectly  free  frote 
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carbon.  The  processes  described  in  a  former  part  on 
this  Work  furnish  it  as  pure  as  it  can  be  procured. 

7.  lin  may  be  obtained  pure  by  solution  in  strong)] 
nitric  acid  ;  the  white  oxide  of  tin  is  formed,  which  is 
insoluble.  Let  it  be  digested  first  with  muriatic  acid Jj 
and  afterwards  with  aqua  regia.  Mix  the  oxide  thusi 
purified  with  its  weight  of  pitch  and  a  little  borax,  and) 
melt  it  in  a  crucible. 

8.  Lead  may  be  dissolved  in  nitric  acid,  and  precipi-j 
tated  by  sulphat  of  soda  ;  wash  the  precipitate,  and  meld 
it  in  a  crucible  with  24-  times  its  weight  of  black  flux. 

9.  Nickel  may  be  obtained  pure  from  kupfer  nickel  J 
by  roasting  the  ore  previously  mixed  with  charcoal  J 
dissolving  it  in  nitric  acid,  evaporating  the  solution  tol 
dryness,  redissolving  it  in  water,  precipitating  by  potJ 
ass,  and  boiling  the  precipitate  with  potass.  The  preJ 
cipitate  is  then  to  be  edulcorated,  dissolved  in  acetous 
acid,  the  solution  evaporated  to  dryness,  redissolvcd  rh) 
water,  and  precipitated  by  ammonia  in  excess,  which 
redissolvcs  the  oxides  of  cobalt  and  nickel  By  evaJ 
porating  this  solution  the  cobalt  is  precipitated,  and  the 
solution  becomes  blue.  This  last  solution,  evaporated 
to  dryness,  gives  pure  oxide  of  nickel.  Form  this  ox-i 
ide  into  a  paste  with  oil,  mix  it  with  two  or  three  parts 
of  black  flux,  and  put  it  into  a  crucible,  covering  it  up 
with  borax  and  common  salt.  Heat  the  crucible  vio- 
lently for  an  hour  and  a  half  in  a  smith's  forge.  A  but- 
ton of  pure  nickel  is  obtained. 

10.  Zinc  may  be  dissolved  in  sulphuric  acid,  and  a 
plate  of  zinc  allowed  to  remain  for  a  considerable  time 
in  the  solution,  It  is  then  to  be  filtered,  and  the  zinc 
to  be  precipitated  with  soda.  The  precipitate,  edulco- 
rated and  dried,  is  to  be  mixed  with  half  its  weight  o 
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pure  charcoal,  and  distilled  in  an  earthen  ware  retort.  chaP-  nl- 
The  zinc  is  found  pure  in  the  neck  of  the  retort. 

'Ti.     .  ... 

1 1 .  Antimony  may  be  dissolved  iri  nitro-muriatic  acid, 
and  precipitated  by  the  affusion  of  water.  The  precipi- 
tate is  to  be  mixed  with  twice  its  weight  of  tartar,  and 
fused  in  a  crucible.  A  button  of  pure  antimony  is  ob- 
tained. 

1  2.  Bismuth,  if  impure,  may  be  dissolved  in  nitric  a- 
cid,  and  precipitated  by  water.  The  edulcorated  preci- 
pitate, formed  into  a  paste  with  oil,  and  rapidly  fused 
with  black  flux,  gives  a  button  of  pure  bismuth. 

13.  Tellurium  was  obtained  pure  by  Klaproth,  by 
forming  its  oxide  into  a  paste  with  oil,  and  heating  it 
to  redness  in  a  retort.  The  metal  was  rapidly  revived. 

14.  Arsenic,  in  the  state  of  white  oxide,  may  be  dis- 
solved in  muriatic  acid,  precipitated  by  the  affusion  of 
water,  redissolved,  and  a  plate  of  zinc  inserted  into  the 
solution,  mixing  with  it  at  the  same  time  a  little  alco- 
hol.   The  arsenic  is  precipitated  in  the  metallic  state. 

15.  Cobalt  ores  ought  to  be  roasted  for  some  time, 
adding  occasionally  a  little  charcoal  or  oil  to  favour  the 
evaporation  of  the  arsenic.  They  are  then  to  be  dis- 
solved in  nitric  acid,  the  solution  evaporated  to  dry- 
ness, and  redissolved  in  water.  The  solution  is  to  be 
precipitated  by  potass,  and  the  precipitate  boiled  with 
that  alkali.  It  is  then  to  be  edulcorated,  dissolved  in 
acetous  acid,  the  solution  evaporated  to  dryness,  and 
redissolved  in  water.  Precipitate  by  ammonia,  and  re- 
dissolve  the  precipitate  in  ammonia.  Evaporate  the 
ammoniacal  solution  to  dryness.  Mix  the  oxide  thus 
obtained  with  oil  and  black  flux,  pour  it  into  a  crucible, 
cover  it  with  borax,  and  expose  it  for  an  hour  and  a 
half  to  the  heat  of  a  forge.  A  pure  button  of  cobalt  is 
obtained. 
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1 6.  Manganese.  Digest  the  black  oxide  of  manga 
nese  repeatedly  in  nitric  acid;  then  mix  it  with  sugar 
and  dissolve  it  in  nitric  acid.  Filter  the  solution,  pre- 
cipitate by  an  alkali,  form  the  white  oxide  thus  ob 
tained  into  a  paste  with  oil,  and  put  it  into  a  crucibl< 
well-lined  with  charcoal.  Expose  the  crucible  for  ai 
hour  to  the  strongest  heat  of  a  forge. 

17.  Tungsten  was  obtained  by  Elhuyart  by  heating 
the  yellow  oxide  violently  in  a  crucible  lined  with  char- 
coal :  but  this  process  has  not  succeeded  with  othei 
chemists. 

18.  Molybdenum  may  be  obtained  by  forming  mo- 
lybdic  acid  into  a  paste  with  oil,  and  heating  it  violent- 
ly in  a  crucible  lined  with  charcoal. 

19.  Uranium  is  procured  by  forming  the  yellow  ox- 
ide of  that  metal  into  a  paste  with  oil,  drying  it  in  1 
moderate  heat,  putting  it  into  a  crucible  lined  with  char- 
coal, with  a  little  lamp-black  strewed  over  it.  After 
luting  on  the  cover,  it  is  to  be  heated  at  first  gently, 
and  then  violently  for  three  quarters  of  an  hour. 

20.  Titanium,  in  a  very  small  proportion  indeed,  was 
obtained  in  the  metallic  state  by  mixing  together  ico 
parts  of  the  red  oxide  of  the  metal,  50  parts  of  borax, 
and  5  parts  of  charcoal,  and  forming  the  mixture  into 
paste  with  oil.  This  paste  was  put  into  a  crucible  lined 
with  charcoal,  and  exposed  for  an  hour  and  a  half  to  the. 
violent  heat  of  a  forge*. 

ix.  Chromum  was  obtained  by  Vauquelin  in  the  me- 
tallic state,  by  putting  a  portion  of  chromic  acid  into  a 
charcoal  crucible,  inclosed  in  a  common  crucible  lined 
with  charcoal,  and  exposing  it  for  an  hour  to  the  vio- 
lent heat  of  a  forge. 


*  A  heat  of  1660  W.— See  Vauquelin  and  Hccht,  Jour,  de  Min.  No.  xv. 
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Vegetables  are  too  well  known  to  require  any  de-    BooJ(  lv 

finition.    They  are  perhaps  the  most  numerous  class  of  1  /— — ' 

bodies  belonging  to  this  globe  of  ours  ;  the  species  al- 
»eadj  known  amounting  to  no  less  than  40,000,  and  ve- 
ry considerable  additions  are  daily  making  to  the  num- 
ber. But  it  is  not  my  intention  in  this  place  either  to 
enumerate,  to  describe,  or  to  classify  plants.  These 
tasks  belong  to  the  botanist,  and  have  been  successfully 
accomplished  by  the  zeal,  the  singular  address,  and  the 
indefatigable  labour  of  Linnaeus  and  his  followers. 

It  is  the  business  of  the  chemist  to  analyse  vegeta-  chemical 

bles,  to  discover  the  substances  of  which  they  are  com-  c.xanil"a- 
'  J  tion  of 

posed,  to  examine  the  nature  of  these  substances,  to  in-  plants, 
vestigate  the  manner  in  which  they  are  combined,  to 
detect  the  processes  by  which  they  are  formed,  and  to 
ascertain  the  chemical  changes  to  which  plants,  after 
they  have  ceased  to  vegetate,  are  subject.  Hence  it  is 
evident  that  a  chemical  investigation  of  plants  compre- 
hends three  particulars  :  I.  An  account  of  the  substan- 
ces of  which  plants  are  composed.  .  2.  An  account  of 
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the  vegetation  of  plants,  as  far  as  it  can  be  illustrate! 
by  chemistrj.  3.  An  account  of  the  changes  whicl 
plants  undergo  after  they  cease  to  vegetate.  These  shal 
form  the  subject  of  the  three  following  Chapters. 


CHAP.  I. 


OF  THE  INGREDIENTS  OF  PLANTS. 


Vegetable 
substances. 


The  substances  hitherto  found  in  the  vegetable  king 
dom,  all  of  them  at  least  which  have  been  examine 
with  any  degree  of  accuracy,  may  be  reduced  under  th 
following  heads  : 


I.  Soluble  in  water. 

11.  Wax  and  tallow 

1.  Sugar, 

12.  Resins, 

2.  Gum, 

13.  Camphor. 

3-  Jelly> 

III.  Glutinous. 

4.  Starch 

14.  Gluten, 

5.  Albumen, 

15.  Caoutchouc. 

6.  Extract, 

IV.  Woody. 

>j.  Tan, 

16.  Wood, 

8.  Acids, 

17.  Suber. 

9.  Alkalies. 

V.  Earthy  and  metallic. 

II.  Oils  and  their  products. 

18.  Earths, 

10.  Oils, 

19.  Metals. 

The  properties  of  these  different  classes  of  bodies  shalli 
be  examined  in  the  following  Sections. 


SUGAR. 
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Chap.  I. 


SECT.  I. 


OF  SUGAR. 


Sugar,  which  at  present  forms  so  important  an  ar-  History 
tide  in  our  food,  seems  to  have  been  known  at  a  very 
early  period  to  the  inhabitants  of  India  and  China. 
But  Europe  probably  owes  its  acquaintance  with  it 
to  the  conquests  of  Alexander  the  Great.  For  ages 
after  its  introduction  into  the  west,  it  was  used  only 
as  a  medicine  ;  but  its  consumption  gradually  increased; 
and  during  the  time  of  the  Crusades,  the  Venetians, 
who  brought  it  from  the  east,  and  distributed  it  to  the 
northern  parts  of  Europe,  carried  on  a  lucrative  com- 
merce with  sugar.  It  was  not  till  after  the  discovery 
of  America,  and  the  extensive  cultivation  of  sugar  in 
the  West  Indies,  that  its  use  in  Europe,  as  an  article  of 
food,  became  general  *. 

Sugar  is  obtained  from  the  arundo  saccharifera,  or  Howot- 
suoar  cane.  The  juice  of  this  plant  is  pressed  out  and  ta,ned- 
boiled  rapidly  in  large  vessels  to  the  consistence  of  a 
syrup.  On  cooling,  it  partly  concretes  into  fine  cry- 
stalline grains  li-ke  sand,  which  do  not  cohere  together; 
and  remains  partly  in  the  state  of  a  black  thick  syrup. 
This  last  is  made  to  run  off,  and  is  well  known  under 
the  name  of  molasses.    The  crystalline  grains  have  a 


*  See  Falconer's  Sketch  of  the  History  of  Sugar,  Manchester  Mefni'tru 
t.        and  Mozeley's  History  of  Sugar. 
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Book  IV.    brownish  colour.  They  are  imported  into  Europe  under* 
the  name  of  raw  sugar.    They  are  farther  refined  byi 
solution  in  water  and  clarification.    The  syrup  pro-l 
perly  boiled  down  is  poured  into  cones  with  theirl 
apexes  downwards,  and  covered  with  a  layer  of  moistl 
clay.    The  water  filtering  downwards  carries  off  the 
impurities,  and  leaves  a  fine  white  hard  mass,  commonly 
called  loaf  sugar  *. 
Properties.       Sugar  has  a  very  strong  sweet  taste;  when  pure  it; 

has  no  smell ;  its  colour  is  white,  and  when  crystallized 
it  is  somewhat  transparent.  It  has  often  a  considerable 
degree  of  hardness;  but  it  is  always  so  brittle  that  it 
can  be  reduced  without  difficulty  to  a  very  fine  powder. 
When  two  pieces  of  sugar  are  rubbed  against  eacK 
other  in  the  dark,  a  strong  phosphorescence  is  visible. 

Sugar  is  not  altered  by  exposure  to  the  atmosphere, 
excepting  only  that  in  damp  air  it  absorbs  a  little 
moisture. 

•Solubility in  ^  13  exceedingly  soluble  in  water.  At  the  tempera- 
water.  ture  Q£  ^g0j  warerj  according  to  Mr  Wenzel,  dissolves 
its  own  weight  of  sugar.  The  solvent  power  of  water 
increases  with  is  temperature  ;  when  nearly  at  the  boil- 
ing point,  it  is  capable  of  dissolving  any  quantity  of 
sugar  whatever.  Water  thus  saturated  with  sugar  is 
known  by  the  name  of  syrup. 
Sjrvp,  Syrup  is  thick,   ropy,  and  very  adhesive ;  when 

spread  thin  upon  paper,  it  soon  dries,  and  forms  a  kind 


*  I  have  purposely  avoided  entering  into  any  detail  retpecting  the 
preparation  of  sugar,  because  the  theory  of  the  process  is  altogether  un- 
known, and  must  remain'  so  till  the  component  parts  of  the  sugar  cane 
juice  be  ascertained,  and  the  changes  occasioned  in  them  by  boiling  be 
discovered. 


in  alcohol* 
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of  varnish,  which  is  easily  removed  by  water.  Its  speci-  Chap.1. 
j  fie  caloric,  according  to  the  experiments  of  Dr  Craw- 
ford, is  1.086.  When  syrup  is  sufficiently  concentra- 
j  ted,  the  sugar  which  it  contains  precipitates  in  crystals. 
;  The  primitive  form  of  these  crystals  is  a  four-sided  Crystals 
-prism,  whose  base  is  a  rhomb,  the  length  of  which  is 
|:.to  its  breadth  as  10  to  7  ;  and  whose  height  is  a  mean 
k  proportion  between  the  length  and  breadth  of  the  basew 
jiThe  crystals  are  usually  four  or  six  sided  prisms,  termi- 
1  nated  by  two-sided,  and  sometimes  by  three-sided  sum- 
limits  *. 

Sugar  is  soluble  in  alcohol,  but  not  in  so  large  a  pro-  Solubility 
portion  as  in  water.  According  to  Wenzel,  four  parts 
,of  boiling  alcohol  dissolve  one  of  sugar  f.  It  unites 
r readily  with  oils,  and  renders  them  miscible  with  wa- 
iter. A  moderate  quantity  of  it  prevents,  or  at  least 
: retards,  the  coagulation  of  milk;  butScheele  discovered 
tthat  a  very  large  quantity  of  sugar  causes  milk  to  coa- 
j  gulate  \. 

The  only  acids  whose  action  on  sugar  has  been  exa-  Action  of 
.  mined  are  the  sulphuric  and  nitric.    Sulphuric  acid, 
'•when  concentrated,  readily  decomposes  sugar  ;  water  is 
1  formed,  and  perhaps  also  acetous  acid  ;  while  charcoal 
i  is  evolved  in  great  abundance,  and  gives  the  mixture  a 
I  black  colour,  and  a  considerable  degree  of  consistency. 
The  charcoal  may  be  easily  separated  by  dilution  and 
filtration.    When  heat  is  applied  the  sulphuric  acid  is 
rapidly  converted  into  sulphurous  acid. 
%  Nitric  acid  dissolves  it  with  an  effervescence,  occa- 
•  lioned  by  the  evolution  of  nitrous  gas,  and  converts  it 


acids. 


*  Gillot,  Ann.  dt  Cbim.  xviii.  317. 
\  Schcele,  ii.33.  Dijon  Trani, 
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Book  IV. 


Action  of 
potass, 


Of  lime. 


Action  of 
heat. 


Distillation 
of  sugar. 


into  malic  and  oxalic  acids.  No  substance  undergo«j 
these  changes  so  readily  as  sugar.  Hence  it  is  usualoU 
employed  for  procuring  oxalic  acid. 

Sugar  absorbs  muriatic  acid  gas  slowly,  and  assume]! 
a  brown  colour  and  very  strong  smell*.  The  action  oil 
oxy-muriatic  acid  on  sugar  has  not  been  tried.  Thjfl 
vegetable  acids  dissolve  it ;  but  seemingly  without  proll 
ducing  any  alteration  in  it. 

When  sugar  is  mixed  with  potass,  the  mixture  acw 
quires  a  bitter  and  astringent  taste,  and  is  insoluble  it 
alcohol,  though  each  of  the  ingredients  is  very  solublw 
in  that  liquid.  When  the  alkali  is  saturated  with  suljl 
phuric  acid,  and  precipitated  by  means  of  alcohol,  thH 
sweet  taste  of  the  sugar  is  restored  ;  a  proof  that  it  hadj 
undergone  no  decomposition  from  the  action  of  thd 
potass,  but  had  combined  with  it  in  the  state  of  sugar  fl 

Lime  boiled  with  sugar  produces  nearly  the  same  efj 
feet  as  potass  :  when  an  alkali  is  added  to  the  com-* 
pound,  a  substance  precipitates  in  white  flakes.  Thi| 
substance  is  sugar  combined  with  lime  J.  Sugar  anq| 
chalk  compose,  as  Leonardi  informs  us,  a  kind  of  cei 
ment  §. 

Sugar,  when  thrown  upon  a  hot  iron,  melts,  swells, 
becomes  brownish  black,  emits  air  bubbles,  and  exhales} 
a  peculiar  smell,  known  in  French  by  the  name  of  ca- 
ramel. At  a  red  heat  it  instantly  bursts  into  flames 
with  a  kind  of  explosion.  The  colour  of  the  flame  is 
white  with  blue  edges. 

When  sugar  is  distilled  in  a  retort,  there  comes  over 
a  fluid  which,  at  first,  scarcely  differs  from  pure  water ; 


*  Priestley,  ii.  291.  f  Cruickshank,  Rollo,  on  Diabctct,  p.  4J*. 

\  Ibid.  §  Encyel,  Metb.  Cb'm.  I  271. 
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by  and  bye  it  is  mixed  with  what  was  formerly  called 
pyromucous  acid,  and  is  now  known  to  be  a  compound 
of  oil  and  acetous  acid*;  afterwards  some  empyreuma- 
tic  oil  makes  its  appearance,  and  a  bulky  charcoal  re- 
mains in  the  retort.  This  charcoal  very  frequently  con- 
tains lime,  because  lime  is  used  in  refining  sugar ; 
but  if  the  sugar,  before  being  submitted  to  distillation, 
be  dissolved  in  water,  and  made  to  crystallize  by  eva- 
poration in  a  temperature  scarcely  higher  than  that  of 
the  atmosphere,  no  lime  whatever,  nor  any  thing  else, 
except  pure  charcoal,  will  be  found  in  the  retort. 
During  the  distillation,  there  comes  over  a  considerable 
quantity  of  carbonic  acid  and  carbonated  hydrogen 
gas  f.  Sugar  therefore  is  decomposed  by  the  action  of 
heat ;  and  the  following  compounds  are  formed  from  it: 
Water,  acetous  acid,  oil,  charcoal,  carbonic  acid,  car- 
bonated hydrogen  gas.  The  quantity  of  oil  in  a  sepa- 
rate state  is  inconsiderable  by  far  the  most  abundant 
product  is  pyromucous  acid.  Sugar  indeed  is  very 
readily  converted  into  pyromucous  acid  ;  for  it  makes 
its  appearance  always  whenever  syrup  is  raised  to  the 
boiling  temperature.  Hence  the  smell  of  caromel,  which 
syrup  at  that  temperature  emits.  Hence  also  the  reason 
that,  when  we  attempt  to  crystallize  syrup  by  heat, 
there  always  remains  behind  a  quantity  of  incrystalliz- 
able  matter,  known  by  the  name  of  molasses  ;  whereas 
if  the  syrup  be  crystallized  without  artificial  heat,  every 
particle  of  sugar  may  be  obtained  from  it  in  a  crystalline 
form:}:.    Hence  we  see  the  importance  of  properly  re- 


*  For  this  interesting  discovery,  we  are  indebted  to  the  experiments 
of  Fourcroy  and  Vauquelin. 
\  Scopoli  and  Morveau,  Encycl.  Meih.  Chirr.,  i,  a4o. 
%  Morveau,  Encycl,  Metb.  Cbim.  i.  366. 
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Book  IV  gulating  the  fire  during  the  crystallization  of  the  sugarJJ 
and  the  saving  that  would  probably  result  from  con-k 
ducting  the  operation  at  a  low  heat. 
Icscompo-  It  follows  from  these  facts,  and  from  various  othf 
Bent  parts,  methods  of  decomposing  sugar,  that  it  is  composed  o 
oxygen,  hydrogen,  and  carbon  ;  for  all  the  substances 
obtained  from  sugar  by  distillation  may  be  resolved  in- 
to these  elements.  Lavoisier  has  made  it  probable,  by 
1  series  of  very  delicate  experiments  on  the  vinous  fer- 
mentation, that  these  substances  enter  into  the  compo- 
sition of  sugar  in  the  following  proportions  : 

64  oxygen 
28  carbon 
8  hydrogen 


100 


Plants  con- 
taining it. 


But  these  proportions  can  only  be  considered  as  ap- 
proximations to  the  truth. 

Sugar  is  considered  as  a  very  nourishing  article  of 
food.  It  is  found  most  abundantly  in  the  juice  of  the 
sugar  cane,  but  many  other  plants  also  contain  it.  The 
juice  of  the  acer  saccharinum,  or  sugar  rjiapfo,  contains 
so  much  of  it,  that  in  North  America  sugar  is  often 
extracted  from  that  tree  *.  Sugar  is  also  found  in  the 
roots  of  carrot,  parsnip,  beet,  &c.  Mr  Achard  hag 
lately  pointed  out  a  method  of  increasing  the  quantity 
of  sugar  in  beet  so  much,  that,  according  to  his  own 
account,  it  is  at  present  cultivated  in  large  quantities  in 
Prussia,  and  sugar  extracted  from  it  with  advantage  f . 
Parmentier  has  also  ascertained  that  the  grains  of 
wheat,  barley,  &c  and  all  the  other  similar  seeds 


*  Ru»h,  Trent.  Fhilid.  iii.  64. 


\  Anti.de  Clirt.lH.ii.  163. 
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which  are  used  as  food,  contain  at  first  a  large  quan-     Chap.  I. 
tity  of  sugar,  which  gradually  disappears  as  they  ap-  '  v 
proach  to  a  state  of  maturity.    This  is  the  case  also 
with  peas  and  beans,  and  all  leguminous  seeds ;  and  is 
one  reason  why  the  flavour  of  young  peas  is  so  much 
superior  to  that  of  old  ones. 

Sugar  may  be  extracted  from  many  vegetables  by  Hojv  ex- 
pounding them  and  digesting  them  in  alcohol.   The  al-  jUantf. fr°'m 
i  cohol  dissolves  the  sugar,  and  yields  it  in  crystals  by 
:  evaporation.    This  method  was  first  pointed  out  by 
Margraff.    The  nature  of  the  other  sweet-tasted  bodies 
.  analogous  to  sugar  has  not  been  hitherto  ascertained  by 
chemists.    It  is  believed  at  present  that  honey  is  sugar 
combined  with  an  acid,  and  perhaps  some  gummy  mat- 
ter.    Mannay  a  gummy  juice  which  exudes  from  a 
variety  of  trees,  is  supposed  to  be  sugar  combined  with 
a  nauseous  tasted  extract.    Goettling  obtained  a  simi- 
lar substance  from  the  beet  *. 


SECT.  II. 


OF  GUM. 


There  is  a  thick  transparent  tasteless  fluid  which  How  ob- 
sometimes  exudes  from  certain  species  of  trees.    It  is  taine<1, 
veiy  adhesive,  and  gradually  hardens  without  losing  its 
transparency  •,  but  easily  softens  again  when  moistened 
with  water.    This  exudation  is  known  by  the  name  of 
gum.    The  gum  most  commonly  used  is  that  which  ex- 


Vol.  IV. 


*  Phil.  Mag.  ix.  184. 
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udes  from  different  species  of  the  mimosa,  particularly 
the  nilotica  *.  It  is  known  by  the  name  of  gum  arabic. 
Gum  likewise  exudes  abundantly  from  the  prunus  avi- 
um, or  common  wild  cherry  tree  of  this  country. 

Gum  is  usually  obtained  ,  in  small  pieces  like  tears, 
moderately  hard,  and  somewhat  brittle  while  cold,  so 
that  it  can  be  reduced  by  pounding  to  a  fine  powder. 
When  pure  it  is  colourless,  but  it  has  usually  a  yellow- 
ish tinge,  and  it  is  not  destitute  of  lustre.  It  has  no  smell. 
Its  tase  is  insipid.  Its  specific  gravity  varies  from  ;  .3 161 
to  1. 48 1 7. 

Gum  undergoes  no  change  from  being  exposed  to  the 
atmosphere  ;  but  the  light  of  the  sun  makes  it  assume  a 
white  colour.  Water  dissolves  it  in  large  quantities. 
The  solution  which  is  known  by  the  name  of  mucilage  ft 
is  thick  and  adhesive  :  it  is  often  used  as  a  paste,  and  to 
give  stiffness  and  lustre  to  linen.  When  spread  out 
thin  it  soon  dries,  and  has  the  appearance  of  a  varnish  j 
but  it  readily  attracts  moisture,  and  becomes  glutinous. 


*  Schoushae,  Pbil.  Mug.  v.  241. 

f  Hermstadt  uses  this  word  in  a  different  sense.  He  makes  a  distinc- 
tion between  gum  and  mucilage.  The  solution  of  gum  in  water  is  transpa- 
rent and  glutinous,  and  can  be  drawn  out  into  threads ;  whereas  that  of 
mucilage  is  opaque,  does  not  feel  glutinous,  but  slippery,  and  cannot  be 
drawn  into  threads.  Gum  may  be  separated  from  mucilage  by  the  fol- 
lowiug  process  : 

Let  the  gum  which  is  supposed  to  be  mixed  with  mucilage,  previous- 
ly reduced  to  a  dry  mass,  be  dissolved  in  as  small  a  quantity  of  water  asj 
possible,  and  into  the  solution  drop  at  intervals  diluted  sulphuric  acid.l 
The  mucjlage  coagulates,  while  the  gum  remains  dissolved.    When  no  j 
more  coagulation  takes  place,  let  the  mixture  remain  at  rest  for  some  j 
time,  and  the  mucilage  will  precipitate  to  the  bottom,  and  assume  the 
consistence  of  jelly.    Decant  off  the  liquid  part,  and  evaporate  the  mu- 
cilage to  dryness  by  a  gentle  heat  till  it  acquires  the  consistence  of  horB. 
Med.  and  JPiyt.  Jour.  iii.  370. 
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Water  washes  it  away  entirely.  When  mucilage  is  eva-  Chap.i. 
porated  the  gum  is  obtained  unaltered.  This  mucila- 
ginous solution  may  be  kept  for  years  without  under- 
going putrefaction.  Scarcely  any  vegetable  substance 
is  less  liable  to  decomposition.  At  last,  however,  the 
odour  of  acetous  acid  becomes  perceptible  in  it. 

Gum  is  insoluble  in  alcohol.    When  alcohol  is  pour-  Action  of 

,   .  .,  ,  .  i».    1  •  •  alcohol, 

cd  into  mucilage,  the  gum  immediately  precipitates ; 

because  the  affinity  between  water  and  alcohol  is  great- 
er than  that  between  water  and  gum. 

The  vegetable  acids  dissolve  gum  without  alteration  ;  Action  of 
the  strong  acids  decompose  it.  Sulphuric  acid  converts 
it  into  water,  acetous  acid,  and  charcoal.  The  same 
effect  is  said  by  Fourcroy  to  be  produced  by  muriatic 
acid.  Oxy-muriatic  acid,  according  to  Vauquelin,  con- 
verts it  into  citric  acid  *.  If  nitric  acid  be  slightly  heat- 
ed upon  gum  till  it  has  dissolved  it,  and  till  a  little  ni- 
trous gas  is  exhaled,  the  solution  on  cooling  deposits 
mucous  acid.  Malic  acid  is  formed  at  the  same  time ; 
and  if  the  heat  be  continued,  the  gum  is  at  last  chan- 
ged into  oxalic  acid.  Thus  no  less  than  three  acids  are 
developed  by  the  action  of  nitric  acid  on  gum  f . 

The  effect  of  the  alkalies  and  earths  on  gum  has  not  Of  alkalies 

0  and  earths, 

been  examined  with  attention.  Mr  Woulfe  observed 
that  gum,  when  distilled  with  a  fixed  alkali,  yields 
more  oil  than  when  distilled  by  itself.  Several  metallic 
solutions  have  the  property  of  occasioning  a  precipitate 
in  mucilage  ;  the  precipitate  is  a  combination  of  the 
oxide  and  the  gum,  and  the  oxide  is  usually  at  the  same 
time  brought  nearer  the  metallic  state. 

When  gum  is  exposed  to  heat  it  softens  and  swells,  of  hcat- 


*  Ann.de  Cb'im.  vi.  178.  f  Fourcroy,  vii.  148. 
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Distillation 
of  gum. 


Its  compo- 
nent parts. 


but  does  not  melt;  it  emits  air  bubbles,  blackens,  and 
at  last,  when  nearly  reduced  to  charcoal,  emits  a  low 
blue  flame.  This  flame  appears  sooner  if  a  flaming 
substance  be  held  just  above  the  gum.  After  the  gum 
is  consumed,  there  remains  a  small  quantity  of  white 
ashes,  composed  chiefly  of  the  carbonats  of  lime  and 
potass. 

When  gum  is  distilled  in  a  retort,  the  products  are 
water  impregnated  with  a  considerable  quantity  of  py- 
ro-mucous  acid  or  acetous  acid  combined  with  oil,  a  little 
empyreumatic  oil,  carbonic  acid  gas,  and  carbonated 
hydrogen  gas.  When^the  pyromucous  acid  obtained  by 
this  process  is  saturated  with  lime,  a  quantity  of  ammo- 
nia is  disengaged  with  which  that  acid  had  been  com- 
bined. The  charcoal  which  remained  in  the  retort  leaves 
behind  it,  after  incineration,  a  little  lime,  and  phosphat 
of  lime  *. 

These  experiments  shew  us  that  gum  is  composed 
chiefly  of  hydrogen,  carbon,  and  oxygen,  and  that  it 
contains  also  azot,  lime,  and  phosphorus.  Mr  Cruick- 
shank  has  rendered  it  probable  that  the  quantity  of  car- 
bon is  greater,  and  the  quantity  of  oxygen  less,  in  gum 
than  in  sugar  f.  Fourcroy  and  Vauquelin  inform  us, 
that  their  experiments  give  the  component  parts  of 


gum  as  follows 


65-38  oxygen 
23.08  carbon 
1 1.54  hydrogen 


100.00  x 

Gum,  or  mucilage,  exists  most  abundantly  in  young 
plants,  and  gradually  disappears  as  they  arrive  at  perfec- 


*  Cruichshank,  Rollo  on  Diabetes.        f  Ibid.        }  Fourcroy,  vii.  IJJi 
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tion.  It  forms  a  great  proportion  of  the  leaves  and  roots  chaP- L 
of  many  eatable  plants. 


SECT.  III. 

OF  JELL?. 


If  we  press  out  the  juice  of  ripe  blackberries,  cur-  How  ot- 
rants,  and  many  other  fruits,  and  allow  it  to  remain  for  Uined" 
some  time  in  a  state  of  rest,  it  partly  coagulates  into  a 
tremulous  soft  substance,  well  known  by  the  name  of 
jelly.  If  we  pour  off  the  uncoagulated  part,  and  wash 
the  coagulum  with  a  small  quantity  of  water,  we  obtain 
jelly  approaching  to  a  state  of  purity. 

In  this  state  it  is  nearly  colourless,  unless  tinged  by  pf0pcrtlc«. 
the  peculiar  colouring  matter  of  the  fruit;  it  has  a  plea- 
sant taste,  and  a  tremulous  consistency.  It  is  scarcely 
soluble  in  cold  water,  but  very  soluble  in  hot  water; 
and,  when  the  solution  cools,  it  again  coagulates  into 
the  form  of  a  jelly*.  When  long  boiled,  it  loses  the 
property  of  gelatinising  by  cooling,  and  becomes  ana- 
lagous  to  mucilage  f,  This  is  the  reason  that  in  ma- 
king currant  jelly,  or  any  other  jelly,  when  the  quan- 
tity of  sugar  added  is  not  sufficient  to  absorb  all  tUe 
watery  parts  of  the  fruit,  and  consequently  it  is  neces- 
sary to  concentrate  the  liquid  by  long  boiling,  the  mix- 
ture often  loses  the  property  of  coagulating,  and  the 
jelly,  of  course,  is  spoiled  %. 


*  Vauquelin,  Ann.  de  Chim.  vi.  28a.  f  Id.  Ibid.  v.  JOG* 

\  Atn,  de  Chim,  V.  IOJJ. 
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Book  IV.  Jc]ly  combines  readily  with  alkalies  ;  nitric  acid  con- 
verts it  into  oxalic  acid,  without  separating  any  azotic 
gas*.  When  dried  it  becomes  transparent  f.  When 
distilled  it  affords  a  great  deal  of  pyromucous  acid,  a 
snvall  quantity  of  oil,  and  scarcely  any  ammonia  \. 
Phntscon-  Jel'y  exists  in  all  acid  fruits,  as  oranges,  lemons, 
gooseberries,  &c.  If  the  juices  of  these  fruits  be  allow- 
ed to  gelatinize,  and  then  poured  upon  a  scarce,  the 
acid  gradually  filters  through,  and  leaves  the  other; 
which  may  be  washed  with  a  little  cold  water,  and  al- 
lowed to  dry.  Its  bulk  gradually  diminishes,  and  it  con- 
cretes into  a  hard  transparent  brittle  mass,  which  pos- 
sesses most  of  the  properties  of  gum.  Perhaps,  then, 
jelly  is  merely  gum  combined  with  vegetable  acid. 


SECT.  IV. 


OF  STARCH. 


How  ob-  If  a  quantity  of  wheat  flour  be  formed  into  a  paste, 
and  water  poured  upon  it  till  it  runs  off  colourless, 
this  water  soon  deposites  a  very  fine  whitish  powder; 
which,  when  properly  washed  and  dried,  is  known 
by  the  name  of  starch.  When  first  prepared,  it  is  of  a 
grey  colour  ;  but  the  starchmakers  render  it  white  by 
steeping  it  in  water  slightly  acidulated.  The  acid  seems 
to  dissolve  and  carry  off  the  impurities.  Starch  for 
common  use  is  prepared  from  wheat  flour,  which  is 
made  to  undergo  a  kind  of  fermentation. 


*  Ann.     Qhim.  vi.  282.         f  ^id.  v.-ico.  \  Ibid.  \  L  286. 
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Starch  was  well  known  to  the  ancients.    Pliny  in-  Chr.p.i. 
forms  us,  that  the  method  of  obtaining  it  was  first  in- 
vented by  the  inhabitants  of  the  island  ot  Chio  *. 

Starch  has  a  fine  white  colour,  and  is  usually  con-  Properties, 
•creted  in  longish  masses  ;  it  has  scarcely  any  smell,  and 
very  little  taste.  When  kept  dry,  it  continues  for  a  long 
time  uninjured  though  exposed  to  the  air. 

Starch  does  not  dissolve  in  cold  water,  but  very  soon  Solution  in 
falls  to  powder,  and  forms  with  it  a  kind  of  emulsion.  wate1. 
It  combines  with  boiling  water,  and  forms  with  it  a 
thick  paste.  Linen  dipt  into  this  paste,  and  afterwards 
dried  suddenly,  acquires,  as  is  well  known,  a  great  de- 
gree of  stiffness.  When  the  paste  is  allowed  to  cool, 
it  assumes  the  form  of  a  semi-transparent  jelly  j  which, 
when  dried  by  artificial  heat,  becomes  brittle,  and  as- 
sumes an  appearance  not  unlike  that  of  gum.  Hence  it 
is  supposed  that  starch,  by  being  boiled  in  water,  under- 
goes a  certain  degree  of  decomposition  which  brings  it 
nearly  to  the  state  of  gum.  When  this  paste  is  left  ex- 
posed to  damp  air  it  soon  loses  its  consistency,  acquires 
an  acid  taste,  and  its  surface  is  covered  with  mould. 

Starch  is  so  far  from  dissolving  in  alcohol,  even  when  Action  of 
assisted  by  heat,  that  it  does  not  even  fall  to  powder.  alcohol. 

When  starch  is  thrown  into  any  of  the  mineral  acids,  Action  of 
at  first  no  apparent  change  is  visible  :  But  if  an  attempt  acids' 
is  made  to  reduce  the  larger  pieces  while  in  acids  to 
powder,  they  resist  it,  and  feel  exceedingly  tough  and 
adhesive.  Sulphuric  acid  dissolves  it  slowly,  and  at  the 
same  time  a  smell  of  sulphurous  acid  is  emitted  ;  and 
such  a  quantity  of  charcoal  is  evolved,  that  the  vessel 
containing  the  mixture  may  be  inverted  without  spil- 


*  Lib.  xviii.  c,  7. 
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,Bo°k  IV\  ling  any  of  it.  Indeed  if  the  quantity  of  starch  be  suf-  j 
ficient,  the  mixture  becomes  perfectly  solid.  The  char-  j 
coal  may  be  separated  by  dilution  and  filtration.  In 
muriatic  acid  starch  dissolves  still  more  slowly.  The 
solution  resembles  mucilage  of  gum  arabic,  and  still  re- 
tains the  peculiar  odour  of  muriatic  acid.  When  allow- 
ed to  stand  for  some  time,  the  solution  gradually  sepa- 
rates into  two  parts ;  a  perfectly  transparent  straw-co- 
loured liquid  below,  and  a  thick,  muddy,  oily,  or  rather 
mucilaginous  substance,  above.  When  water  is  poured 
in,  the  muriatic  smell  instantly  disappears,  and  a  strong 
smell  is  exhaled,  precisely  similar  to  that  which  is  felt  in 
cornmills.  Ammonia  occasions  a  slight  ptecipitate,  but 
too  small  to  be  examined. 

Nitric  acid  dissolves  starch  mpre  rapidly  than  the 
other  two  acids  ;  it  acquires  a  green  colour,  and  emits 
nitrous  gas.  The  solution  is  never  complete,  nor  do 
any  crystals  of  oxalic  acid  appear  unless  heat  be  applied. 
In  this  respect  starch  differs  from  sugar,  which  yields 
oxalic  acid  with  nitric  acid,  even  at  the  temperature  of 
the  atmosphere.  When  heat  is  applied  to  the  solution 
of  starch  in  nitric  acid,  both  oxalic  and  malic  acid  is 
formed,  but  the  undissolved  substance  still  remains. 
When  separated  by  filtration,  and  afterwards  edulcora- 
ted, this  substance  has  the  appearance  of  a  thick  oil,  not 
unlike  tallow ;  but  it  dissolves  readily  in  alcohol.  When 
distilled,  it  yields  acetous  acid,  and  an  oil  having  the 
smell  and  the  consistence  of  tallow  *. 

Of  alka-  alkalies  dissolve  starch,  but  do  not  seem  to  de- 

lies, 

compose  it,  except  when  very  much  concentrated  and 
assisted  by  hear. 


*  Scheelc,  Crell's  Annals,  ii.  14.  Eng.  Trans. 
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When  starch  is  thrown  upon  a  hot  iron,  it  melts,  i  ch*P  x  . 
blackens,  froths,  swells,  and  burns  with  a  bright  flame  of  heat, 
dike  sugar,  emitting,  at  the  same  time,  a  great  deal  of 
smoke;  but  it  does  notexplode,  nor  has  it  the  caromel 
smell  which  distinguishes  burning  sugar.  When  distil- 
led, it  yields  water  impregnated  with  an  acid,  supposed 
to  be  the  pyromucous,  a  little  empyreumatic  oil,  and  a 
great  deal  of  carbonic  acid  and  carbonated  hydrogen 
gas.  The  charcoal  which  remains  is  easily  dissipated 
when  set  on  fire  in  the  open  air  j  a  proof  that  it  con- 
tains very  little  earth. 

Barley  grain  consists  almost  entirely  of  starch,  not  Composr 
however  in  a  state  of  perfect  purity.  In  the  process  of  icmf 
malting,  which  is  nothing  else  than  causing  the  bailey 
to  begin  to  vegetate,  a  great  part  of  the  starch  is  convert- 
ed into  sugar.  During  this  process  oxygen  gas  is  ab- 
sorbed, and  carbonic  acid  gas  is  emitted.  Water,  too,  is 
absolutely  necessary  :  hence  it  is  probable,  that  it  is  de- 
pomposed,  and  its  hydrogen  retained  *\  .Starch,  then, 
seems  to  be  converted  into  sugar  by  diminishing  the 
proportion  of  its  carbon,  and  encreasing  that  of  its  hy- 
drogen and  oxygen.  Its  distillation  shews  us  that  it  con- 
tains no  other  ingredient  than  these  three. 

Starch  is  contained  in  a  great  variety  of  vegetable  Plar><*<M»- 
substances  ;  most  commonly  in  their  seeds  or  bulbous 
roots •,  but  sometimes  also  in  other  parts.  Mr  Parmen- 
tier,  whose  experiments  have  greatly  contributed  towards 
an  accurate  knowledge  of  starch,  has  given  us  the  fol- 
lowing list  of  the  plants  from  the  roots  of  which  it  may 
be  extracted. 


♦     ufk^hank,  Rollo  on  Dialctes: 
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Arctium  lappa, 
Atropa  belladonna, 
Polygonum  bistorta, 
Bryonia  alba, 
Colchicum  autumnale, 
Spiraea  filipendula, 
Ranunculus  bulbosus, 
Scrophularia  nodosa, 
Sambucus  ebulus, 

 nigra, 

Orchis  morio, 


Imperatoria  ostrutheum 
Hyoscyamus  niger, 
Rumex  obtusifolius, 

 acutus, 

 aquaticus, 

Arum  maculatum, 
Orchis  mascula, 
Iris  pseudacorus, 
—  fcetidissima, 
Orobus  tuberosus, 
Bunium  bulbocastanum. 


It  is  found  also  in  the  following  seeds 


Oats 


Chesnut, 
Horsechesnut, 
Peas, 


Beans, 


Acorn, 
And  also  in 
Salop, 
Sago. 


Rice, 
Maiz, 
Millet, 

Indeed  the  greater  number,  if  not  the  whole,  of  the! 
vegetable  seeds  employed  by  man  as  an  article  of  fooda| 
consists  chiefly  of  starch.    But  that  substance  is  almost) 
always  combined  with  some  other  which  serves  to  dis- 
guise its  properties  ;  such  as  sugar,  oil,  extract,  &c.| 
The  late  experiments  of  Lord  Dundonald  on  the  gum 
that  may  be  extracted  from  lichens,  is  a  confirmation  of]! 
a  fact  formerly  suspected  by  chemists;  namely,  that; 
many  lichens  .(the  islandicusy  for  instance)  are  compo- 
sed chiefly  of  starch. 


SECT.  V. 

OF  ALBUMEN. 


How  ob-  If  the  water  in  which  wheat  flour  has  been  washed  in 
tamed.       order  to  obtain  starch,  according  to  the  directions  laid 
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down  in  the  last  Section,  be  filtrated,  and  afterwards  t  Chap.L  ^ 
•.  evaporated,  a  substance  precipitates  in  white  flakes ;  to 
L  which  Mr  Fourcroy,  who  first  pointed  it  out,  has  given 
the  name  of  albumen  *,  on  account  of  its  resemblance 
to  the  white  of  an  egg  f . 

It  is  evident,  from  the  method  of  obtaining  it,  that  Properties, 
albumen,  in  its  natural  state,  is  soluble  in  water,  and 
that  heat  precipitates  it  from  that  fluid  in  a  concrete 
state.  While  dissolved  in  water  it  has  scarcely  any 
l  taste ;  but  it  has  the  property  of  changing  vegetable 
blues,  especially  that  which  is  obtained  from  the  flowers 
of  the  mallow  (malva  sj/lvestris^),  into  a  green  f.  When 
.  allowed  to  remain  dissolved  in  water,  it  putrefies  with-*- 
out  becoming  previously  acid  §. 

After  it  has  been  precipitated  from  water  in  a  con- 
crete state  by  boiling,  it  is  no  longer  soluble  in  water  as 
before.  Alcohol  also  and  acids  precipitate  it  from  wa- 
ter precisely  in  the  same  state  as  when  it  is  precipita- 
ted by  heat. 

When  concrete  albumen  is  dried,  it  becomes  some- 
what transparent,  and  very  like  glue.  In  that  state  it 
is  soluble  in  alkalies  with  facility. 

When  distilled  it  gives  out  carbonat  of  ammonia,  a  Composi- 
red  fetid  oil,  and  carbonated  hydrogen  gas ;  and  a  spon-  Uon' 
gy  charcoal  remains  behind  J|.    From  this  it  is  evident 
that  albumen  is  composed  of  carbon,  azot,  hydrogen, 
and  oxygen  ;  but  the  proportions  and  combinations  of 
these  substances  are  altogether  unknown. 


*  The  existence  of  albumen  in  vegetables  was  known  to  Scheele.  He 
mentions  it  prn  ticularly  in  his  Paper  on  Milk,  first  published  in  the  year 
l>2o.    See  Schecle's  Works,  ii.  SS:  Dijon  Edition. 

»  \  Ami.de  Cbim.  iii.  259.       J  Fourcroy,  ibid.  257.       §  Ibid.       (|  Ibic>» 


i8S  VEGETABLE  SUBSTANCES. 

Book  IV. 


Mr  Fourcroy  foiuid  albumen  in  the  expressed  juicl 
Plants  con-  of  scurvy  grass,  cresses,  cabbage,  and  almost  all  cruci^ 
tammg  it.  £orm  piants>  Hence  the  reason  that  these  plants,  whej 
they  putrefy,  exhale  such  an  abominable  odour.  H< 
found  it,  too,  in  a  great  many  young  and  sueculen 
plants  ;  but  never  a  particle  in  those  parts  of  vege< 
tables  which  contain  an  acid.  He  observed  also  tha 
the  quantity  decreased  constantly  with  the  age  of  th( 
plant.  His  method  of  extracting  the  albumen  was  t< 
express  the  juice  from  the  plants,  to  expose  it  for  som,' 
time  to  the  air,  and  then  to  filter  it,  in  order  to  sepa 
rate  the  green  coloured  fecula.  The  vessel  containing 
it  was  then  plunged  into  boiling  water,  which  coagula 
ted  the  albumen,  and  made  it  precipitate  in  flakes. 


SECT.  VI. 

OF  EXTRACT. 

Howob-     The  word  extract  was  at  first  applied  to  all  thosdl 
twined.       substances  which  were  extracted  from  plants  by  means 
of  water,  and  which  remained  behind  in  the  state  of  i 
dry  mass  when  the  water  was  evaporated  ;  consequent- 
ly it  included  gum,  jelly,  and  several  other  bodies.  Bui 
of  late  it  has  been  confined,  by  those  chemists  who  havoi 
paid  attention  to  the  use  of  language,  to  a  substanct 
which  exists  in  many  plants,  and  which  may  be  obtain-* 
ed  by  infusing  saffron  in  water  for  some  time,  filtrating 
the  infusion,  and  evaporating  it  to  dryness.    The  resi-» 
duum,  after  evaporation,  is  extract  nearly  pure  *.  Ic 
possesses  the  following  properties  : 

Water  dissolves  it  in  considerable  quantities,  espe-r 


*  Hcru^udu 
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daily  hot  water.  Alcohol  also  dissolved  it  with  faci-  ,  Chap. I.  ^ 
Iky.  This  property  of  being  soluble  both  in  water  and 
alcohol  has  induced  some  chemists  to  give  extract  the 
name  oisoap.  It  is  insoluble  in  sulphuric  ether.  These 
three  properties  are  sufficient  to  distinguish  it  from  eve- 
ry other  vegetable  substance*. 

When  the  solution  of  extract  in  water  is  exposed  for  Property, 
some  time  in  the  open  air,  the  extract  assumes  a  brown 
colour,  precipitates  to  the  bottom,  and  is  now  no  longer 
soluble  in  water.  This  change  is  supposed  to  proceed 
from  the  addition  of  a  quantity  of  oxygen  which  it  im- 
bibes from  the  atmosphere  f. 

When  oxy-muriatic  acid  is  poured  into  a  watery  so- 
lution of  extract,  that  substance  precipitates  in  yellow 
flakes.  These  flakes  are  insoluble  in  water ;  they  are 
insoluble  also  in  alcohol  at  the  temperature  of  97 0  ;  but 
that  liquid  dissolves  them  at  the  temperature  of  120 °. 
They  are  soluble  also  in  alkalies  ;  and  in  boiling  hot 
water  they  melt  into  a  yellow  mass  %. 

Extract  is  soluble  in  acids.  Heat  softens  but  does 
not  melt  it  §.  There  is  a  strong  affinity  betwen  it  and 
alumina  :  when  sulphat  of  alumina  is  boiled  in  a  liquid 
containing  extract,  the  alumina  precipitates  combined 
with  the  extract.  The  solution  of  tin  also,  and  of  se- 
veral other  metallic  oxides,  precipitate  the  extract  com- 
bined with  the  metal 

It  is  found  in  a  great  variety  of  plants  ;  but  as  no  PJants  cofc- 
...  .  taining  it. 

method  of  obtaining  it  perfectly  pure  has  hitherto  been 

discovered,  the  extracts  of  different  plants  differ  some- 
what from  each  other  both  in  their  colour  and  smell. 
It  is  contained  abundantly  in  the  sap  of  all  plants. 


*  Hsrmstadt.  f  Fourcroy.  \  Id. 

J  Id.  Ann.  dc  Giim.  viii.  ^  Vauqudin, 
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Book  IV.  As  it  cannot  easily  be  procured  separate,  its  component 
parts  have  not  been  determined.  The  experiments 
which  have  been  made  indicate  the  presence  of  oxygen, 
carbon,  hydrogen,  and  azot. 


SECT.  VII. 

OF  TAN. 

How  pro-  If  a  quantity  of  nutgalls,  coarsely  powdered,  be  kept 
for  some  time  infused  in  water,  so  as  to  form  the  com- 
mon infusion  of  galls  ;  if  this  infusion  be  somewhat 
concentrated  by  evaporation,  and  then  mixed  with  a 
saturated  solution  of  carbonat  of  potass,  a  yellowish 
white  matter  precipitates  to  the  bottom  in  the  form  of 
flakes.  This  precipitate,  washed  with  a  little  cold  wa- 
ter, and  then  dried,  is  the  substance  known  by  the  name 
of  tan. 

Properties.  Tan,  thus  obtained,  is  in  the  form  of  a  glutinous 
paste,  of  a.  yellowish  grey  colour,  and  is  not  dried  with- 
out difficulty  ;  but  when  exposed  to  the  heat  of  a  stove, 
it  melts  at  first,  and  then  dries,  and  at  last  assumes  the 
appearance  of  resin  *.  Tan  was  first  discovered  by  Se- 
guin,  who  pointed  out  some  of  its  properties,  and  the 
method  of  ascertaining  its  existence  in  plants  by  the 
precipitate  which  it  forms  with  the  solution  of  glue  in 
water ;  but  it  is  to  Proust  that  we  are  indebted  for  the 
investigation  of  its  properties. 

Tan  is  a  brittle  substance,  of  a  brown  colour.  It 
breaks  with  a  vitreous  fracture,  and  does  not  attract 


*  Proust,  Ann.  de  Cb'm.  xxxv.  33. 
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4  moisture  from  the  air.  Its  taste  is  exceedingly  astrin- 
gent. It  is  very  soluble  in  water.  The  solution  is  of 
a  deep  brown  colour,  a  very  astringent  and  bitter  taste, 
and  has  the  odour  which  distinguishes  a  solution  of  nut- 
galls.  It  froths,  when  agitated,  like  a  solution  of  soap  j 
but  does  not  feel  unctuous.  Acids  precipitate  the  tan 
from  this  solution.  Acids  precipitate  it  also  from  the 
infusion  of  nutgalls  when  sufficiently  concentrated. 
Proust  has  laid  hold  of  this  property  to  procure 
pure  tan.  From  the  precipitate  thus  obtained,  which 
has  the  consistence  of  pitch,  the  liquid  part  is  to  be 
decanted,  and  the  precipitate,  after  being  washed  with 
a  little  cold  water,  is  dissolved  in  boiling  water,  and 
the  acid  saturated  with  carbonat  of  potass.  The  tan  pre- 
cipitates in  a  state  of  purity. 

.  Tan  is  still  more  soluble  in  alcohol  than  in  water. 

When  the  solution  of  tan  is  poured  into  a  solution 
of  the  oxy-sulphat  of  iron,  a  deep  blue-coloured  preci- 
pitate immediately  appears,  consisting  of  the  tan  com- 
.  bined  with  the  oxide.  This  precipitate,  when  dried,  as- 
sumes a  black  colour.  It  is  decomposed  by  acids.  The 
sulphat  of  iron  is  not  altered  by  tan. 

When  too  great  a  proportion  of  oxy-sulphat  of  iron 
is  poured  into  a  solution  of  tan,  the  sulphuric  acid,  set 
at  liberty  by  the  combination  of  the  iron  and  tan,  is 
sufficient  to  redissolve  the  precipitate  as  it  appears  ;  but 
the  precipitate  may  easily  be  obtained  by  cautiously  sa- 
turating this  excess  of  acid  with  potass.  When  the  ex- 
periment is  performed  in  this  manner,  all  the  oxy-sul- 
phat of  iron  which  remains  in  the  solution  undecom- 
posed  is  converted  into  sulphat.  Mr  Proust  supposes 
that  this  change  is  produced  by  the  tan  absorbing  oxygen 
from  the  iron.    The  same  change  takes  place  if  oxide 
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VEGETABLE  SUBSTANCES. 

be  mixed  with  a  considerable  excess  of  sulphuric  acid, 
and  diluted  with  water.  Common  writing  ink  is  a 
combination  of  gallat  of  iron  and  tannat  of  iron.  If 
the  infusion  of  nutgalls,  which  is  a  compound  of  tart 
and  gallic  acid,  be  digested  upon  iron,  they  dissolve  it 
and  form  a  very  good  ink.  This  is  the  process  which 
Proust  considers  as  the  best  of  all. 

When  tan  is  distilled,  it  yields  an  acid  liquor,  which 
blackens  solutions  of  iron,  because  ic  contains  a  little 
tan  Unaltered :  there  comes  over  also  a  little  empyreuma- 
ticoil,  and  a  voluminous  coal  remains  behind,  amount- 
ing to  -j-'-g-  of  the  tan  distilled  *. 

Tan  exists  in  almost  all  those  vegetable  substances 
which  have  an  astringent  taste.  It  is  almost  constantly 
combined  with  gallic  acid.  The  following  Table,  drawn 
up  by  Mr  Biggin  f,  from  the  quantity  of  precipitate  ob- 
tained by  dropping  a  solution  of  glue  into  the  infusion 
of  the  plant  in  water,  will  serve  to  give  some  idea  of  the 
proportions  of  tan  which  exist  in  different  plants : 

Prop,  of  Tan.  Trop.  of  Tan. 


Elm  j  

Oak  cut  in  winter 
Horse  chesnut  .  . 
Beech 

Willow  (boughs)  . 
i*ldcr  •  •  •  •  ■  ■  •  • 
Plum  tree  .... 
Willow  (trunk)  . 
Sycamore    .  .  .  . 

Birch  

Cherry  tree   .  .  . 


2.1    Sallow   4.6 

2.1  Mountain  ash    ....  4.7 

2.2  Poplar   6.0 

2.4    Hazel   6.} 

2.4    Ash   6.6 

3.0  Spanish  chesnut  .  .  .  9.0 

4.0  Smooth  oak  .....  9.2 

4.0  Oak  cut  in  spring  .  .  9.6 

4.1  Huntingdon  or  Lei- 


4.1 
4.2 


cester  willow  .  .  .  10.1 
Sumach  16.2 


*  Proust,  Ann.  de  Chitn.  XXXV.  35. 


|  Phil.  Trans,  1799. 
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OF  ACIDS. 

The  acids  found  ready  formed  in  vegetables  are  the 
following : 

1.  Acetous,  5.  Malic, 

2.  Oxalic,  6.  Gallic, 

3.  Tartarous,  7.  Benzoic, 

4.  Citric,  8.  Phosphoric. 
Sometimes  also  the  sulphuric,  nitric,  and  muriatic 

acids  occur  in  vegetables,  combined  with  alkalies  or 
earths,  but  never  except  'in  very  minute  quantities. 

1.  Acetous  acid  is  easily  detected  by  its  peculiar  Acetous 
odour,  and  by  the  compounds  which  it  forms  with  the 
alkalies  and  earths.    It  has  been  found  by  Vauquelin  in 

the  sap  of  different  trees  which  he  examined,  and  like- 
wise in  the  acid  juice  of  the  cicer  arietinum,  which  con- 
sists of  oxalic  acid,  malic  acid,  and  a  little  acetous  *. 

2.  Oxalic  acid  is  easily  detected  ami  distinguished  by  Oxalic, 
the  following  properties  :  It  decomposes  all  calcareous 

salts,  and  forms  with  lime  a  salt  insoluble  in  water.  It 
readily  crystallizes.  Its  crystals  are  quadrilateral  prisms. 
It  is  totally  destroyed  by  heat. 

Oxalic  acid  was  first  detected  in  vegetables  by  Scheele.  Plants  con 
It  exists  in  the  state  of  super-oxalat  of  potass  in  the  taimng  ltt 
leaves  of  the  oxalis  acetosella,  oxalis  covniculata%  and 
different  species  of  rumex ;.  and  likewise  in  the  geranium  ■ 


*  Jour,  de  Tbys.  Hi.  362, 

Vol.  IV.  N 
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Tartarous, 


Plants  con. 
taining  it. 


acldum.  In  the  root  of  rhubarb  Scheele  found  it  in  the 
state  of  oxalat  of  lime,  and  Deyeux,  Dispan,  and  Vau- 
quelin,  have  observed  it  uncombined  in  the  liquid, 
which  exudes  from  the  cicer  parietinum. 

3.  Tartarous  acid  is  known  by  the  following  proper- 
ties :  When  a  little  potass  is  cautiously  dropt  into  a  solu- 
tion  containing  it,  common  tartar  is  formed,  and  precipi- 
tates  to  the  bottom.  Tartarous  acid  does  not  decompos 
the  sulphat,  nitrat,  or  muriat  of  lime.  Tartrite  of  lime 
is  soluble  in  water.  Tartarous  acid  crystallizes.  Its 
crystals  are  long  slender  prisms.  It  is  destroyed  by  heat, 
Tartarous  acid  has  been  found  in  the  following  vege 
table  substances : 

The  pulp  of  the  tamarind  *. 
The  juice  of  grapes. 

Mulberries  f 
Rumex  acetosa,  sorrel  f . 
Rhus  coriaria,  sumach  f . 
Rheum  rhaponticum  || . 
Agave  Americana 
The  roots  of  triticum  ripens  \. 

Leontodon  taraxicum  f . 
In  the  greater  number  of  these  it  is  in  the  state  o 
supertartrite  of  potass. 
Citric.1      4«  Citric  acid  is  distinguished  by  the  following  pi 
perties  :  It  does  not  form  tartar  when  potass  is  addec 
to  it.    With  lime  it  forms  a  salt  insoluble  in  water, 
which  is  decomposed  by  sulphuric,  nitric,  and  muriatic 
acids.    It  readily  crystallizes.    It  is  destroyed  by  heat. 


*  Vauquelin,  /inn.  de  '  'frioi.  v.  92. 
||  Bindheim,  Crell,  1788,  St.  7.S.  41. 


f  Hcrmsradt,  on  Vtget.  Acitb. 
^  Hoffman  of  Weimar. 
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Citric  acid  has  been  found  unmixed  with  other  acids  chaP-L  , 
in  the  following  vegetable  substances  *  :  Plants  con- 

,  .  taining  it. 

lhe  juice  01  oranges  and  lemons. 

The  berries  of  vaccinium  oxycoccos,  cranberry. 

 vitis  idsea,  red  whortle  berry. 

Prunus  padus,  birdchp>-ry. 

Solanum  dulcamara,  nightshade, 

Rosa  canina,  hip. 

It  occurs  mixed  with  other  acids  in  many  other  fruits. 

5.  Malic  acid  is  known  by  the  following  properties  : 

It  forms  with  lime  a  salt  soluble  in  water,  which  is  de-  Malic. 

composed  by  citric  acid.    It  does  not  form  tartar  with 

potass.    It  is  incrystallizable.    Heat  destroys  it. 

Malic  acid  has  been  found  by  Scheele  f  in  the  fruits  Plants  con- 

of  the  following  plants,  which  contain  no  other  acid  : 

Apples. 

Berberis  vulgaris,  barberry. 
Prunus  domestica,  plum. 

 spinosa,  sloe. 

Sambucus  nigra,  elder. 
Sorbus  aucuparia,  roan  or  service. 
In  the  following  fruits  he  found  nearly  an  equal  quan-  Plants  con- 

-       .«   taining  ci- 

tity  of  malic  and  citric  apids  %.  trie  and 

Ribes  grossularia,  gooseberry.  mahc  acids' 

  rubrum,  currants. 

Vaccinium  myrtillus,  bleaberry. 

Crategus  aria,  beam. 

Prunus  cerasus,  cherry. 

Fragaria  vesca,  strawberry. 

Rubus  chamaemorus,  cloudberries,  evrochs. 

 idaeus,  raspberry. 


Scheele,  Crell's  Jour.  u\  8.  Eng.  Transl.  f  Ibid.  f  Ibid. 
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Benzoic. 


Malic  acid  has  also  been  found  in  the  agave  ameri*j 
cana*,  and  in  the  pulp  of  tamarinds  f.    In  the  first  of 
these  it  is  mixed  with  tartarous  acid;  in  the  second  with! 
tartarous  and  citric  acids.  Vauquelin  lias  lately-detected 
it  in  the  state  of  malat  of  lime,  in  the  following  plants  : 

Sempervivum  tectorum. 

Sedum  album,  acre,  telephium. 

Arum  maculatum. 

Different  species  of  crassula  and  mesembrianthemum  i. 
6.  Gallic  acid  is  known  by  the  following  properties  :l 
With  the  red  oxide  of  iron  it  produces  a  black  co-l 
lour.  It  is  crystallizable.  Heat  destroys  it.  It  has 
been  found  in  a  great  number  of  plants,  chiefly  in  the 
bark — The  following  Table,  drawn  up  by  Mr  Big- 
gin §,  will  serve  to  shew  the  relative  proportions  of  this) 
acid  in  different  plants  : 


Elm  7 

Oak. cut  in  winter  .  .  8 
Horse  chesnut   ....  6 

Beech  7 

Willow  (boughs)    .  .  3 

Elder  4 

Plum  tree  8 

Willow  (trunk)*  ...  9 
Sycamore  .......  6 

Birch  4 

Cherry  tree  8 


Sallow  

Mountain  ash  .  .  . 

Poplar  

Hazel  ....... 

Ash  .......  , 

Spanish  chesnut  .  . 
Smooth  oak  .... 

Oak  cut  in  spring  . 
Huntingdon  or  Lei- 

cester  willow 
Sumach  


} 


8 

p 
O 

9ft 
ic 

10 

Ij 
I  c 


I  X 


7.  Benzoic  acid  is  distinguished  by  its  aromatic  odour, 
and  its  volatility  on  the  application  of  a  very  moderate 


*  Hoffman  cf  Weimar. 
\  Ann.  de  Cbim.  XXXV.  153. 


f  Vauquelin,  Ann.  de  Cbim.  v.  92* 
§  Nicholson's  "Journal^  iii.  J94. 
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heat.    It  has  been  found  hitherto  only  in  a  few  vege-     Chap.  1. 

 v 

table  substances,  to  which  the  French  chemists  have  Where 
confined  the  term  balsam.    These  are,  benzoin,  bal- 
sam of  tolu,  and  storax.    In  these  substances  it  seems 
to  be  combined  with  a  resin,  or  something  which  has 
nearly  the  properties  of  a  resin. 

8.  Phosphoric  acid  is  easily  distinguished  from  the  Phosphoric 
former  seven  ;  for  it  is  very  fixed,  and  a  violent  heat 
does  not  destroy  it  as  it  does  the  others. 

Phosphoric  acid  has  been  found  in  different  plants, 
but  only  in  very  small  quantities ;  it  is  almost  constant- 
ly combined  with  lime,  Meyer  found  it  in  the  leaves 
pf  many  trees*  ;  Thuren  found  phosphat  of  lime  in  the 
Aconitus  Napellusf ;  and  Bergman  found  it  in  all 
kinds  of  grain |. 


SECT.  IX. 

OF  ALKALIES. 

The  only  alkalies  found  in  plants  are  potass  and  soda. 
Ammonia  may  indeed  be  obtained  by  distilling  many 
vegetable  substances,  but  it  is  produced  during  the  ope- 
ration. One  or  other  of  these  alkalies  is  found  in  every 
plant- which  has  hitherto  been  examined.  The  quantity 
indeed  is  usually  very  small.  From  the  experiments 
of  Vauquelin  it  is  probable  that  the  alkalies  are  com- 
bined in  plants  with  acetous  and  carbonic  acids. 


*  Eniyc,  Mctb.  Physiol.  Feget.  i.  IOO.  |  Ann.  de  Cbim,  ii.  308. 

\  Ecrgman,  v.  96. 
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Book  IV.  1 .  Potass  is  found  in  almost  all  plants  which  grow  at 
Potass.  a  distance  from  the  sea.  It  may  be  extracted  by  burn- 
ing the  vegetable,  washing  the  ashes  in  water,  filtra- 
ting the  water,  and  evaporating  it  to  dryness.  It  is 
in  this  manner  that  all  the  potash  of  commerce  is  pro- 
cured. 

Proportion.      T/he  following  Table  exhibits  the  quantity  of  ashes) 

contained  0  1  J 

in  plants.      and  potass  which  may  be  extracted  from  100  parts  ofJ 
various  plants  : 


Ashes. 

Potass. 

.  .  .  2.8 

0.285f  * 

Elm  

.  .  .  2.36727 

°-39t 

°-I5343 

0.07481 

0.1254 

0.14572 

Vine  branches  .... 

•  •  •  3-379 

o-5  5 1 

2-5°33 

.  .  .  4.04265 

0-53734 

Fern  

.  .  .  5.00781 

0.6259 

.  .  10.5 

1.96603 

•  •  •  3-85395 

0.72234 

•  •  •  4-33593 

0.5081 1 

Stalks  of  turkey  wheat 

.  .  .  8.86 

i-75 1 

Wormwood  

.  .  .  9.744 

7-3t 

7-9t 

•  2-75t  1 

Beans  with  their  stalks 

*  Those  marked  \  are  from  Kirwan,  Itul  Tram,  v.  164.    The  rest 

from  Pcrtuis,        rf«  Cbim.  six.  17$. 
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In  general,  three  times  as  much  ashes  are  obtained     Chap.  1. 1 
from  shrubs,  and  five  times  as  much  from  herbs,  as  from 

.  trees.    Equal  weights  of  the  branches  of  trees  produce 

i  more  ashes  than  the  trunk,  and  the  leaves  more  than 
the  branches.   Herbs  arrived  at  maturity  produce  more 

:  ashes  than  at  any  other  time.    Green  vegetables  pro- 

,  duce  more  ashes  than  dry*. 

The  salt  which  is  obtained  from  plants  does  not  con- 
sist wholly  of  potass,  there  are  other  salts  mixed  with 
it  ;  these  usually  are  sulphat  of  potass,  muriat  of  pot- 
ass, sulphat  of  lime,  phosphat  of  lime,  &-C  ;  but  these 
bear,  in  general,  but  a  small  proportion  to  the  potass. 
The  ashes  consist  of  potass  mixed  with  earths. 

Some  judgment  may  be  formed  of  the  quantity  of 
potass  which  a  plant  contains  from  the  quantity  of 
ashes  which  it  yields  :  but  the  above  Table  is  sufficient 
to  shew  us,  that  were  we  to  trust  to  that  we  would  oft- 
en be  misled. 

2.  Soda  is  found  in  almost  all  the  plants  which  grow  Soda, 
in  the  sea,  and  in  many  of  those  which  g^ow  on  the 
shore.  In  general,  the  quantity  of  soda  which  plants 
contain  bears  a  much  greater  proportion  to  their  weight 
than  the  potass  does  which  is  found  in  inland  vege- 
tables. 1 00  parts  of  the  salsola  soda,  for  instance,  yield 
19.921  of  ashes  ;  and  these  contain  1992  parts  of  sodaj 
some  of  which,  however,  is  combined  with  muriatic 
acid  f.  The  plants  from  which  the  greater  part  of  the 
soda,  or  barilha,  as  it  is  called,  which  is  imported  from 
Spain,  is  extracted,  are  the  salsola  sativa  and  vermicu- 
lata. 


*  Ann,  de  Chim.  xk.  174.  <t  Vautiuelin,  Ibid,  xviii.  77. 
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There  are  two  species  of  oils;  namely,  ^/a?./  and  vo- 
latile; both  of  which  are  found  abundantly  in  plants. 

Fixed  oil,  I#  JTixed  oil  is  only  found  in  the  seeds  of  plants,  and 
where  J 

found  is  almost  entirely  confined  to  those  which  have  two  co- 
tyledons ;  as  lintseed,  almonds,  beech  root,  poppy  seed, 
rape  seed,  &.c.  Sometimes,  though  rarely,  it  is  founc 
in  the  pulp  which  surrounds  the  stone  of  certain  fruits. 
This  is  the  case  with  the  olive,  which  yields  the  most 
abundant  and  most  valuable  species  of  fixed  oil.  The  bi- 
cotyledinous  seeds,  besides  oil,  contain  also  a  mucilagi- 
nous substance;  and  they  have  all  the  character  of  forqi, 
ing,  when  bruised  in  water,  a  milky  liquid,  known  by 
the  name  of  emulsion. 

Volatile  oil,      2.  Volatile  oils  are  found  in  every  part  of  plants  ex- 

where 

found.  cept  the  cotyledons  of  the  seeds,  where  they  never  oc- 
cur. The  root,  the  stem,  the  leaves,  the  flower,  the 
rind  or  pulp  of  the  fruit  of  a  variety  of  plants,  are  load- 
ed with  volatile  oils,  from  which  they  are  extracted  by 
expression  or  by  distillation.  The  number  of  these  oils 
is  so  great  that  it  baffles  all  description.  Every  plant 
which  is  distinguished  by  a  peculiar  odour  contains  a 
volatile  oil  to  which  it  is  indebted  for  that  odour. 
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SECT.  XL 

WAX  AND  TALLOW. 

The  upper  surface  of  the  leaves  of  many  trees  is  co-  Wax  a«f 

•  gctablepro» 
vered  with  a  varnish,  which  may  be  separated  and  ob-  juction. 

tained  in  a  state  of  purity  by  the  following  process. 

Digest  the  bruised  leaves,  first  in  water  and  then  in 
alcohol,  till  every  part  of  them  which  is  soluble  in  these 
liquids  be  extracted.  Then  mix  the  residuum  with  six 
times  its  weight  of  a  solution  of  pure  ammonia,  and, 
after  sufficient  maceration,  decant  off  the  solution,  filter 
it,  and  drop  into  it,  while  it  is  incessantly  stirred,  dilu- 
ted sulphuric  acid,  till  more  be  added  than  is  sufficient 
to  saturate  the  alkali.  The  varnish  precipitates  in  the 
form  of  a  yellow  powder.  It  should  be  carefully  wash- 
ed with  water,  and  then  melted  over  a  gentle  fire  *. 

Mr  Tingry  first  discovered  that  this  varnish  posses- 
sed all  the  properties  of  bees  ivax  f.  Wax,  then,  is  a 
vegetable  product.  1  he  bees  extract  it  unaltered  from 
•the  leaves  of  trees  and  other  vegetable  substances  which 
contain  it.  They  seem,  however,  to  mix  it  with  some 
of  the  pollen  of  flowersk 

Wax,  when  pure,  is  of  a  whitish  colour,  it  is  desti-  ProPcr- 

tics* 

tute  of  taste,  and  has  scarcely  any  smell.  Bees  wax  in- 
deed has  a  pretty  strong  aromatic  smell  ;  but  this  seems 
chic-fly  owing  to  some  substance  with  which  it  is  mix- 


*  Hermstadt,  Med.  and  Pbys.  Jour.  ili.  372. 
f  Enc.  Metb.  Fords  et  Jkis,  i.  100. 
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ed ;  for  it  disappears  almost  completely  by  exposing  the 
i  wax,  drawn  out  into  thin  ribands,  for  some  time  to  the 
atmosphere.  By  this  process,  which  is  called  bleach- 
ing, the  yellow  colour  of  the  Wax  disappears,  and  it 
becomes  very  white.  Bleached  wax  is  not  affected  by 
the  air  *. 

Wax  is  insoluble  in  water  and  in  alcohol.  It  com- 
bines readily  with  alkalies,  and  forms  with  them  a  soap 
which  is  soluble  in  water,  and  possesses  the  properties 
of  common  soap.  Punic  wax,  which  the  ancients  em- 
ployed in  painting  in  encausto,  is  a  soap  composed  of 
twenty  parts  of  wax  and  one  of  sodaf.  Its  composition 
was  ascertained  by  Mr  LorgnaJ. 

The  acids  have  but  little  action  on  wax ;  even  oxy- 
muriatic  acid,  which  acts  so  violently  on  most  bodies, 
produces  no  other  change  on  it  than  that  of  rendering 
it  white.  This  property  which  wax  possesses,  of  re- 
sisting the  action  of  acids,  renders  it  very  useful  as  a 
lute  to  confine  acids  properly  in  vessels,  or  to  prevent 
them  from  injuring  a  common  cork- 
Wax  combines  readily  with  oils,  and  forms  with 
them  a  substance  of  greater  or  less  consistency  accord- 
ing to  the  quantity  of  oil.  This  composition,  which  is 
known  by  the  name  of  cerate,  is  much  employed  by 
surgeons. 

When  heat  is  applied  to  wax  it  becomes  soft  ;  and 
at  the  temperature  of  1420,  if  unbleached,  or  of  15 5 0 
if  bleached  §,  it  melts  into  a  colourless  transparent 
fluid,  which  concretes  again,  and  resumes  its  former 


*  Scnebier,  /Inn.  dr  Cl'im.  xii.  60.  and  Jour,  de  Pbys.  rxxviii.  56. 
j  Pliny,  lib.  xxi.  c.  14.  |  Jour,  de  Phys.  Nov.  1785. 

I  Nicholson's  Jou.nal,  i.  71. 
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appearance  as  the  temperature  diminishes.    If  the  heat  ,  chaP-T- 

be  still  farther  increased,  the  wax  boils  and  evaporates  ; 

and  if  a  red  heat  be  applied  to  the  vapour,  it  takes  fire 

and  burns  with  a  bright  flame.    It  is  this  property 

which  renders  wax  so  useful  for  making  candles. 

Mr  Lavoisier,  by  means  of  the  apparatus  which  he  ^s.comP°- 
'    J  x  *  sition. 

employed  in  the  analysis  of  alcohol  and  oils,  and  which 
has  been  described  in  the  First  Part  of  this  Work,  con- 
trived to  burn  wax  in  oxygen  gas.  The  quantity  of 
wax  consumed  was  21.9  grains.  The  oxygen  gas  em- 
ployed in  consuming  that  quantity  amounted  to  66.55 
grains.  Consequently  the  substances  consumed  amount- 
ed to  88.45  grains.  After  the  combustion,  there  were 
found  in  the  glass  vessel  62.58  grains  of  carbonic  acid, 
and  a  quantity  of  water,  which  was  supposed  to  amount 
to  25.87  grains.  These  were  the  only  products. 
Now  62.58  grains  of  carbonic  acid  gas  contain 

44.56  of  oxygen  and  18.02  of  carbon ;  and  25.87  gr.  of  water  contain 
21.99  of  oxygen  and  3.88  of  hydrogen 

66.55  21.90 
Consequently  21.9  parts  of  wax  are  composed  of  18.02 
of  carbon  and  3.88  of  hydrogen.    And  100  parts  of 
wax  are  composed  of  82.28  carbon 

17.72  hydrogen 

100.00* 

But  this  analysis  can  only  be  considered  as  an  ap^ 
proximation  to  the  truth  ;  the  quantity  of  water  being 
only  estimated,  and  that  of  the  gas  being  liable  to  un-. 
certainty.  There  can  be  no  doubt,  from  the  little  ac- 
tion of  acids  on  wax,  that  it  contains  oxygen  as  an  in- 


*  Lavoisier,  Jour,  cic  Pbys.  xxxi.  59. 
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pound  of  carbon,  hydrogen,  and  oxygen  ;  but  the  prq 
portions  are  unknown. 
Distillation.  If  wax  be  distilled  with  a  heat  greater  than  21 2° 
there  comes  over  a  little  water,  some  sebacic  acid, 
little  very  fluid  and  odorous  oil:  the  oil,  as  the  distill 
tion  advances,  becomes  thicker  and  thicker,  till  at  las 
it  is  of  the  consistency  of  butter,  and  for  this  reas 
has  been  called  butter  of  wax.  There  remains  in  th 
retort  a  small  quantity  of  coal,  which  is  not  easily  re 
duced  to  ashes.  When  the  butter  of  wax  is  repeatedl 
distilled,  it  becomes  very  fluid,  and  assumes  the  proper- 
ties of  volatile  oil  *. 

Wax  possesses  all  the  essential  properties  of  fixed 
oil.  We  must  therefore  consider  it  as  a  fixed  oil  ren- 
dered concrete.  Now  that  species  of  fixed  oils,  distin- 
guished by  the  epithet  fat,  have  the  property  of  beco- 
ming concrete,  and  assuming  the  appearance  of  wax 
when  exposed  long  to  the  air.;  in  consequence'it  is  sup- 
posed, of  the  absorption  of  oxygen.  Hence  probably 
the  difference  between  wax  and  fixed  oils  consists  in 
the  oxygen  which  it  contains  as  a  component  part.  The 
wax  at  its  first  formation  was  in  all  probability  in  the 
state  of  a  fixed  oil ;  but  by  the  absorption  of  oxygen 
it  gradually  concreted  into  wax. 

It  is  natural  to  suppose,  if  this  theory  be  just,  that 
fixed  oil  will  occur  in  plants  in  various  states  of  hard- 
Butter  and   ness  ;  and  this  accordingly  is  the  case.  Sometimes  it  is 
tallow.        ^  ^  consistency  of  butter,  and  this  is  denominated  a 
butter  ;  thus  we  have  the  butter  of  cacao,  the  butter 
of  coco,  the  butter  of  galam.  Sometimes  it  is  of  a  great* 


*  Lemery,  Mem.  Par.  1708,  p.  53. 
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I  er  consistency,  and  then  is  denominated  tallow ;  thus  (  Chap.T.  ^ 
we  have  the  tallow  of  the  croton,  extracted  by  boiling  plants 
water  from  the  fruit  of  the  croton  sebifere.    When  its  ^j^f 
.  consistency  is  as  great  as  possible,  it  then  tikes  the 
:  appellation  of  wax.    Thus  we  have  the  green  wax  of 
America,  the  wax  extracted  from  the  seeds  of  the  my- 
1  rica  cerifera,  and  the  pela  of  the  Chinese.    All  these 
!  substances  agree  in  their  properties  with  bees  wax,  ex- 
r  cept  in  their  consistency  and  their  colour.    They  are 
\  usually  extracted  from  the  plants  that  contain  them  by 
|l  maceration  in  boiling  water.  The  wax  melts  and  swims 
1  on  the  surface.    In  China  this  vegetable  wax  is  em- 
f]  ployed  in  the  manufacture  of  candles,  and  applied  to  all 
:t  the  other  uses  to  which  bees  wax  is  subservient. 


SECT.  XII. 

OF  RESIN. 

There  is  a  yellowish  white  coloured  substance  which 
often  exudes  from  the  Abies  Montana,  or  common 
Scotch  fir,  and  likewise  from  other  fir  trees.  It  is  some-  Origi*. 
what  transparent,  is  hard  and  brittle,  of  a  disagreeable 
taste,  and  may  be  collected  in  considerable -quantities. 
This  substance  is  known  by  the  name  of  resin  ;  and  the 
same  name  is  also  applied  to  all  substances  which  pos- 
sess nearly  the  same  properties  with  it.  Resin  may  be 
distinguished  from  every  other  substance  by  the  follow- 
ing properties. 

It  is  more  or  less  concrete,  and  possesses  a  certain  Properties 
degree  of  transparency.    Its  taste  is  sometimes  hot  and 
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disagreeable,  but  not  unfrequently  it  is  tasteless,  of 
nearly  so.  Its  colour  varies,  but  it  is  most  frequently 
between  yellow  and  brown.  Its  specific  gravity  varied 
from  1.0452  to  1.2289.  h 13  a  non-conductor  of  elec^ 
tricity,  and  of  course  an  electric. 

When  resin  is  heated  it  readily  melts;  and  if  the  head 
be  increased  it  is  volatilized,  and  burns  with  a  whitej 
flame  and  strong  smell,  emitting  a  great  quantity  of| 
smoke.  When  distilled  it  yields  much  volatile  oil,  but 
scarcely  any  acid. 

It  is  totally  insoluble  in  water.  By  this  property  it 
may  easily  be  separated  from  gum,  if  they  happen  to  be 
mixed  together. 

It  is  soluble  in  alcohol,  and  in  sulphuric  ether*.  B 
the  first  of  these  properties  we  may  separate  it  from 
gum,  and  by  the  last  from  extract  j  for  extract  is  inso- 
luble in  sulphuric  ether.  When  these  solutions  are  eva- 
porated, the  resin  is  obtained  unaltered.  If  the  solution 
be  spread  thin  upon  any  body,  it  soon  dries  by  the  eva- 
poration of  the  alcohol ;  the  resin  remains  behind,  and 
covers  the  body  with  a  smooth  shining  transparent  coat, 
which  cannot  be  washed  off  by  water.  This  process  is 
called  varnishing. 

Resin  is  soluble  also  in  volatile  oils  ;  and  these  solu- 
tions are  often  used  likewise  in  varnishing. 

Resin  is  scarcely  actvtd  upon  by  acids  or  alkalies.  It 
combines  with  sulphur  by  fusion,  and  likewise  with 
phosphorus. 

When  volatile  oils  are  exposed  for  some  time  to  the 
action  of  the  atmosphere  they  acquire  consistency,  and 
assume  the  properties  of  resins.    During  this  change 


*  Hermstadt, 
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they  absorb  a  quantity  of  oxygen  from  the  air.  West-  t  ^J^P-  I.  ^ 
rum  put  30  grains  of  oil  of  turpentine  into  40  cubic 
inches  of  oxy-muriatic  acid  gas.  Heat  was  evolved,  the 
oil  gradually  evaporated,  and  assumed  the  form  of  yel- 
low resin  *.  Mr  Proust  observed,  that  when  volatile  oil 
is  exposed  to  the  air,  it  is  partly  converted  into  a  resin, 
and  partly  into  a  crystallized  acid  5  usually  the  benzoic 
or  the  camphoric.  Hence  we  see  that  the  oil  is  con- 
verted into  two  distinct  substances.  During  this  cbange 
oxygen  is  absorbed  ;  and  Fourcroy  has  observed  that  a 
portion  of  water  is  also  formed  f.  It  is  probable,  from 
these  facts,  that  resin  is  volatile  oil  deprived  of  a  por- 
tion of  its  hydrogen,  and  combined  with  oxygen.  Re- 
sin, therefore,  is  to  volatile  oil  what  wax  is  to  fixed  oil; 
and  doubtless  owes  its  formation  to  the  changes  which 
the  volatile  oils  of  vegetables  undergo. 

To  know  whether  any  vegetable  substance  contains  Plants  coa- 
Tesin,  we  have  only  to  pour  some  sulphuric  ether  upon  tamui£ 
it  in  powder,  and  expose  the  infusion  to  the  lijjht.  If 
any  resin  be  present  the  ether  will  assume  a  brown  co- 
lour J. 

Resin  is  contained  in  a  great  variety  of  plants.  Some- 
times it  exudes  and  concretes  upon  the  surface  of  the 
plant ;  sometimes  it  flows  out  in  considerable  quantity 
when  the  plant  is  wounded  ;  but  very  often  it  remains 
mixed  with  the  vegetable  fibres,  from  which  it  may  be 
extracted  by  alcohol,  and  afterwards  purified  from  ex- 
tract by  water. 

The  number  of  resins  is  immense,  as  there  is  scarce 
a  single  plant  which  is  destitute  of  them.  They  differ 
from  each  other  chiefly  in  colour,  taste,  smell,  and  con- 


*  Crcll's  Annals,  i.  1790.         f  Fourcroy,  viii.  16.         J  Hermstadt, 
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binations,  or  owe  these  differences  to  foreign  ingred' 
ents,  either  combined  with  the  resin,  or  mechanical! 
mixed  with  it,  is  not  at  present  known.    To  descri 
each  resin  separately  would  be  to  little,  purpose,  as  scarce- 
ly any  thing  is  known  of  them  except  their  general  pro- 
perties as  resins.    The  following  are  the  most  import- 
ant : 

list  of  i.  Turpentine  of  Chio,  which  exudes  from  the  p'uta- 

resins.  ,  . 

•  cea  terebinthus \ 

2.  Venice  turpentine,  which  is  usually  employed  in 
medicine. 

3.  Strasburgh  turpentine,  from  the  common  fir.  From 
which  also  are  procured  barras  and  tar. 

4.  Pitch,  from  the  pinus  picea. 

5.  Elemi,  from  the  amyris  elemifera. 

6.  Mastic,  from  the  pistacea  lenthcus. 

7.  Sandarac,  employed  usually  as  a  varnish. 

8.  Guayac,  from  the  guayacum  officinale. 

9.  Ladanum,  from  the  cistus  ladaniferus. 

10.  Dragon's  blood,  from  the  drac&na  draco. 

11.  Balsam  of  Mecca,  from  the  amyris  opobasamum. 

12.  Balsam  of  Copahu,  from  the  Copacfera  officinalis. 
Resins  sometimes  occur  combined  with  benzoic  acid. 

Balsams.  This  compound  was  denominated  balsam  by  Bucquet 
in  1774,  and  the  term  has  since  been  adopted  by  che- 
mists to  denote  a  compound  of  benzoic  acid  and  resin. 
The  balsams  at  present  known  are  : 

1.  Benzoin,  from  the  sty  rax  benzoin. 

2.  Balsam  of  Tolu,  from  the  toluifera  bahamum. 

3.  Balsam  of  Peru,  from  the  myroxylon  pcruifcrum. 
5.  Storax,  from  the  sty  rax  officinalis. 

There  is  another  set  of  bodies  much  used  in  medi- 
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cine,  and  distinguished  by  the  name  of  gum  resins,  be-  Chap.  L 
cause  they  are  partly  soluble  both  in  water  and  alcohol. 
These  bodies  are  obtained  by  making  incisions  into  the 
plants  containing  them  ;  a  juice  flows  out,  which  con- 
cretes into  a  solid  body,  and  is  then  called  a  gum  re- 
sin. Hence  it  is  evident  that  they  consist  of  a  variety 
of  substances  combined  together.  All  the  substances 
tnust  be  present  in  them  which  constituted  a  part  of  the 
juices  of  the  plant.  To  attempt  a  description  of  them 
Would  be  vain  j  and  as  they  have  not  hitherto  attracted 
the  attention  of  chemists,  we  are  ignorant  of  their  com- 
ponent parts.  They  have  all  a  strong  disagreeable  taste, 
and  several  of  them  a  very  strong  smell,  resembling 
that  of  garlic.  They  act  very  powerfully  as  medicines. 
The  most  important  of  them  are  the  following  :  ' 


1 


Olibanum,  from  the  juniperus  lycia. 

2.  Galbanum,  from  the  hub  on  galbanum. 

3.  Scammony,  from  the  convolvulus  sc ammonia. 

4.  Assa  foetida,  from  the  ferula  assa  fcetida. 

5.  Myrrh,  *v 

fr  Kmm'      c  tne  plant  not  ascertained, 

o.  Ammoniac,  \  r 

7.  Aloes,  from  the  aloe  perfoliata. 

8.  Op  ium,  from  the  papaver  soviniferum. 


SECT.  XIII. 

OF  CAMPHOR. 


T  he  laurus  camphorata  is  a  tree  which  grows  in  Chi- 
na, Japan,  and  several  parts  of  India.    When  the  roots  Extraction, 
of  this  tree  are  put  into  an  iron  pot  furnished  with  a  ca- 
Vol.  IV.  O 
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pital,  and  a  sufficient  heat  is  applied,  a  particular  sub- 
stance sublimes  into  the  capital,  which  is  known  by  the 
name  of  camphor.  The  Dutch  afterwards  purify  this 
camphor  by  a  second  sublimation. 

Camphor  is  a  white  brittle  substance,  hating  a  pecu- 
liar aromatic  odour  and  a  strong  hot  acrid  taste.  Its 
specific  gravity  is  0.9887. 

It  is  not  altered  by  atmospheric  air  ;  but  it  is  so  v 
latile,  that  if  it  be  exposed  during  warm  weather  in  a 
open  vessel,  it  evaporates  completely.    When  sublime 
in  close  vessels  it  crystallizes  in  hexagonal  plates  or  py 
ramids  *. 

It  is  insoluble  in  water  ;  but  it  communicates  to  tha 
liquid  a  certain  portion  of  its  peculiar  odour. 

It  dissolves  readily  in  alcohol,  and  is  precipitate 
again  by  water.  If  the  alcohol  be  diluted  with  water 
as  much  as  possible,  without  causing  the  camphor  t 
precipitate,  small  crystals  of  camphor  resembling  feathers 
gradually  form  f. 

Camphor  is  soluble  also  in  hot  oils,  both  fixed  and 
volatile;  but  as  the  solution  cools,  the  camphor  preci- 
pitates, and  assumes  the  form  of  plumose,  or  feather- 
like crystals  %. 

Camphor  is  not  acted  on  by  alkalies,  either  pure  or 
in  the  state  of  carbonats.  Pure  alkalies  indeed  seem 
to  dissolve  a  little  camphor  ;  but  the  quantity  is  too 
small  to  be  perceptible  by  any  other  quality  than  its 
odour  §.  Neither  is  it  acted  upon  by  any  of  the  neutral 
salts  which  have  hitherto  been  tried. 

Acids  dissolve' camphor,  but  it  is  precipitated  again, 


•  Romieu.  f  Romieu,  •  em.  Par.  1756.  p.  41. 

§  Bouillon  la  Grange,  Ann.  de  dim.  xxiii.  154. 
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unaltered,  by  alkalies,  and  even  by  water.   The  solution  Chap.i. 
of  camphor  in  sulphuric  acid  is  red  ;  that  in  the  nitric  *~ 
acid  is  yellow.    This  last  solution  has  obtained  the  ab- 

,  surd  name  of  oil  of  camphor.  When  nitric  acid  is  dis- 
tilled repeatedly  ofF  camphor,  it  converts  it  into  cam- 

rphoric  acid. 

Muriatic,  sulphurous,  and  fluoric  acids,  in  the  state 

of  gas,  dissolve  camphor.  When  water  is  added,  the 
■.camphor  appears  unaltered  in  flakes,  which  swim  on  the 
isurface  of  the  water  *.  It  is  dissolved  also  by  water 
rimpregnated  with  carbonic  acid  gas  f . 

When  heat  is  applied  to  camphor  it  is  volatilized.    If  Action  of 

:he  heat  be  sudden  and'  strong,  the  camphor  melts  be-  heat* 
core  it  evaporates  ;  and  it  melts,  according  to  Venturi, 
tit  the  temperature  of  300 °.  It  catches  flame  very 
readily,  and  emits  a  great  deal  of  smoke  as  it  burns,  but 
it  leaves  no  residuum.  It  is  so  inflammable  that  it  con- 
tinues to  burn  even  on  the  surface  of  water.  When 
camphor  is  set  on  fire  in  a  large  glass  globe  filled  with 
»xygen  gas,  and  containing  a  little  water,  it  burns  with 

1  very  bright  flame,  and  produces  a  great  deal  of  heat. 

Hie  inner  surface  of  the  glass  is  soon  covered  with  a 
Mack  powder,  which  has  all  the  properties  of  charcoal, 

.  quantity  of  carbonic  acid  gas  is  evolved,  the  water  in 
ihe  globe  acquires  a  strong  smell,  and  is  impregnated 

/ith  carbonic  acid  and  camphoric  acid  \. 
If  two  parts  of  alumina  and  one  of  camphor  be  form- 

d  into  a  paste  with  water,  and  distilled  in  a  glass  re. 

3rt,  there  comes  over  into  the  receiver  (which  should 

ontain  a  little  water  and  communicate  with  a  pneu- 


*  Fourcroy.  \  Jour,  de  Pbys.  Hi,  67. 

J  Bouillon  la  Grange,  /Inn.  de  Cbim.  xxiii.  168. 
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matic  apparatus)  a  volatile  oil  of  a  golden  yellow  co- 
lour, a  little  camphoric  acid  which  dissolves  in  the  wa 
ter,  and  a  quantity  of  carbonic  acid  gas  and  carbonat 
hydrogen  gas,  which  may  be  collected  by  means  of 
pneumatic  apparatus.    There  remains  in  the  retort 
substance  of  a  deep  black  colour,  composed  of  alumi 
and  charcoal.    By  this  process,  from  122.384  parts  o 
camphor,  Mr  Bouillon  la  Grange,  to  whom  we  are  in 
debted  for  the  whole  of  the  analysis  of  camphor,  ob 
tained  45.856.  parts  of  volatile  oil,  and  30.571  parts 
charcoal.    The  proportion  of  the  other  products  w 
not  ascertained  *. 

From  this  analysis,  Mr  Bouillon  la  Grange  conclude 
that  camphor  is  composed  of  volatile  oil  and  chare 
or  carbon  combined  together.    We  learn,  from  his  e 
periments,  that  the  ultimate  ingredients  of  camphor  ar 
carbon  and  hydrogen ;  and  that  the  proportion  of  ca 
bon  is  much  greater  than  in  oils. 

Camphor  exists  in  a  great  many  plants.  Neuman 
Geoffroy,  and  Cartheuser,  extracted  it  from  the  ro 
of  zedoary,  thyme,  sage,  &c.  and  rendered  it  probab 
that  it  is  contained  in  almost  all  the  labiated  plant 
It  has  been  supposed  to  exist  in  these  plants  combine 
with  volatile  oil.  Proust  has  shewn  how  it  may  be  e 
tracted,  in  considerable  quantity,  from  many  volati 
oils  f .  All  that  is  necessary,  is  to  expose  the  oil  to  t' 
open  air  at  a  temperature  between  220  and  540  ;  t 
oil  gradually  evaporates,  and  the  camphhor  crystallize 
By  this  process  he  obtained  from  the  oil  of  rosema 
TTT  of  its  weight  of  camphor,  from  that  of  sweet  ma 


*  Bouillon  la  Grange,  Ann.  dc  Ch'im.  xxiii.  157. 
\  Ann  de  Cbim.  iv.179. 
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joram  from  oil  of  sage  |,  and  from  oil  of  lavender  Chap.  1. 
more  than  4-th.  By  distilling  the  oil  in  a  water-bath, 
some  degrees  under  the  boiling  point,  till  one-third  of 
the  oil  comes  over,  part  of  the  camphor  is  found  crystal- 
lized in  the  still  vessel.  This  being  removed,  and  the 
Gil  again  distilled  as  before,  more  camphor  crystallizes, 
i  By  three  such  processes  the  whole  of  the  camphor  is 
obtained  from  the  oil.  The  camphor  is  then  purified 
by  mixing  it  with  a  little  dry  lime,  and  subliming  it. 

Camphor,  which  was  unknown  to  the  ancient  Greeks 
and  Romans,  was  introduced  into  Europe  by  the  Ara- 
bians,   j&tius  was  the  first  person  who  mentions  it.  It 
j-  seems,  however,  to  have  been  very  early  known  to  the 
eastern  nations. 

It  is  much  used  in  medicine.    It  is  a  powerful  sti- 
|  mulant ;  it  is  considered  as  peculiarly  efficacious  in  dis-r 
eases  of  the  urinary  organs ;  it  is  often  serviceable  in 
j  mania,  and  procures  sleep  when  every  other  medicine 
t  fails. 


SECT.  XIV 


OF  GLUTEN". 


If  wheat  flour  be  knedded  into  a  paste  with  a  litt^e 
*  Water,  it  forms  a  tenacious,  elastic,  soft  ductile,  mass. 

This  is  to  be  washed  cautiously,  by  knedding  it  under  a  Extraction. 

Small  jet  of  water  till  the  water  no  longer  carries  off 
\-  any  thing,  but  runs  off  colourless;  what  remains  behind 

is  called  gluten.    It  was  discovered  by  Beccaria,  an  Ita- 
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lian  philosopher,  to  whom  we  are  indebted  for  the  firs 
analysis  of  wheat  flour  *. 

Gluten,  when  thus  obtained,  is  of  a  grey  colour,  ex-il 
ceedingly  tenacious,  ductile,  and  elastic,  and  may  be  ex 
tended  to  twenty  times  its  original  length.  When  ver 
thin,  it  is  of  a  whitish  colour,  and  has  a  good  deal  of  r 
semblance  to  animal  tendon  or  membrane.  In  this  stat 
it  adheres  very  tenaciously  to  other  bodies,  and  has  ofte 
been  used  to  cement  together  broken  pieces  of  pore 
lain.  Its  smell  is  peculiar.  It  has  scarce  any  taste,  an 
does  not  lose  its  tenacity  in  the  mouth.  When  exp 
sed  to  the  air  it  assumes  a  brown  colour,  and  become 
as  it  were  covered  with  a  coat  of  oil. 

When  exposed  to  the  air,  it  gradually  dries  ;  an 
when  completely  dry,  it  is  pretty  hard,  brittle,  siightl 
transparent,  of  a  dark  brown  colour,  and  has  some  r 
semblance  to  glue.  It  breaks  like  a  piece  of  glass,  an 
the  edges  of  the  fracture  resemble  in  smoothness  thos 
of  broken  glass ;  that  is  to  say,  it  breaks  with  a  vitrcou 
fracture. 

When  exposed  to  the  air,  and  kept  moist,  it  soo 
putrefies ;  but  when  dry,  it  may  be  kept  any  length  o 
time  without  alteration.  When  not  entirely  deprive 
of  starch, 'instead  of  putrefying,  it  assumes  the  appear 
ance  and  taste  of  cheese  f. 

It  is  insoluble  in  water;  though  it  imbibes  and  re 
tains  a  certain  quantity  of  it  with  great  obstinacy.  T 
this  water  it  owes  its  elasticity  and  tenacity.  Wher 
boiled  in  water  it  loses  both  these  properties. 

All  the  acids  dissolve  it,  even  when  very  much  dilu 
ted  ;  alkalies  precipitate  it  again,  but  it  is  deprived  of  it 


*  Collect.  Academ.  x.  L 


f  Rouclle. 
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elasticity,  and  in  a  state  which  Macquer  considered  as  chaP-  L  t 
approaching  that  of  mucilage.  Concentrated  sulphuric 
acid  renders  it  violet  coloured,  and  at  last  black;  inflam- 
mable air  escapes,  and  charcoal,  water,  and  a  portion  of 
■  ammonia,  are  formed  *.  When  nitric  acid  is  poured 
on  it,  and  heat  applied,  there  is  a  quantity  of  azotic  gas 
emitted,  as  Berthollet  discovered  ;  and  by  continuing 
the  heat,  a  quantity  of  oxalic  acid  is  formed  f ,  and  like- 
wise malic  acid,  while  a  number  of  yellow-coloured  oily 
flakes  make  their  appearance  in  the  solution. 

Alkalies  dissolve  gluten  when  they  are  assisted  by  heat.  Alkalies. 
The  solution  is  never  perfectly  transparent.  Acids  pre- 
cipitate the  gluten  from  alkalies,  but  it  is  destitute  of  its 
elasticity  %.  Alkalies,  when  much  concentrated,  form 
with  it  a  kind  of  soap,  converting  it  into  oil  and  ammo- 
nia ;  which  last  is  dissipated  during  the  trituration. 

"When  moist  gluten  is  suddenly  dried,  it  swells  ama-  Action  of 
zingly.    Dry  gluten,  when  exposed  to  heat,  cracks,  heat' 
swells,  melts,  blackens,  exhales  a  fetid  odour,  and  burns 
precisely  like  feathers  or  horn.    When  distilled,  there 
comes  over  water  impregnated  with  ammonia  and  an 
empyreumatic  oil  ;  the  charcoal  which  remains  is  with 
difficulty  reduced  to  ashes.    From  these  phenomena,  it  Composi- 
is  evident  that  gluten  is  composed  of  carbon,  hydro-  tloa" 
gen,  azot,  and  oxygen  :  perhaps  also  it  contains  a  little 
lime.  In  what  manner  these  substances  are  combined  is 
unknown. 

The  only  vegetable  substance  from  which  it  has  been  Plants  con- 
hitherto  extracted  is  wheat  fluor  ;  but  it  seems  to  ex-  tainuig  lC" 


*  Fourcroy,  vii.  304.  f  Vauquelin,  Ann.  de  Chim,  \i.  278. 

\  Fourcroy. 
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v        the  other  species  of  corn. 


SECT.  XV.  . 

OF  CAOUTCHOUC. 

History.  About  the  beginning  of  the  18th  century,  a  substance 
called  caoutchouc  was  brought  as  a  curiosity  from  A- 
merica.  It  was  soft,  wonderfully  elastic,  and  very  com- 
bustible. The  pieces  of  it  that  came  to  Europe  were 
usually  in  the  shape  of  bottles,  birds,  &c.  This  sub- 
stance is  very  much  used  in  rubbing  out  the  mat  ks 
made  upon  paper  by  a  black  lead  pencil  ;  and  therefore 
in  this  country  it  is  often  called  Indian  rubber.  No- 
thing was  known  of  its  production,  except  that  it  was 
obtained  from  a  tree,  till  the  French  academicians  went 
to  South  America  in  1735  to  measure  a  degree  of  the 
meridian.  Mr  de  la  Condamine  sent  an  account  of  it 
to  the  French  Academy  in  the  year  1736.  He  told 
them,  that  there  grew  in  the  province  of  Esmeraldas,  in 
Brazil,- a  tree,  called  by  the  natives  Hbeve  ;  that  from 
this  tree  there  flowed  a  milky  juice,  which,  when  in- 
spissated, was  caoutchouc,  Don  Pedro  IVfaldonado,  who 
accompanied  the  French  academicians,  found  the  same' 
tree  on  the  banks  of  the  Maragnon  ;  but  he  died  soon 
after,  and  his  papers  were  never  published.  Mr  Fres- 
nau,  after  a  very  laborious  search,  discovered  the  same 
tree  in  Cayenne.  His  account  of  it  was  read  to  the 
French  Academy  in  1 751. 
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It  is  now  known  that  there  are  at  least  two  trees  in  t  Chap.  I.  ^ 
South  America  from  which  caoutchouc  may  be  obtain-  Plants  con- 
ed ;  the  Hsevea  Caoutchouc  and  the  Jatropha.Elastica  ;  tauUD£lt' 
and  it  is  exceedingly  probable  that  it  is  extracted  also 
from  other  species  of  Hsevea  and  Jatropha.  Several 
trees  likewise  which  grow  in  the  East  Indies  yield 
caoutchouc ;  the  principal  of  these  are,  the  Ficus  Indi- 
ca,  the  Artocarpus  Integrifolia,  and  the  Urceola  Elas- 
tica,  a  plant  discovered  by  Mr  Howison,  and  first  de- 
scribed and  named  by  Dr  Roxburgh  *. 

When  any  of  these  plants  is  punctured,  there  exudes 
from  it  a  milky  juice,  which,  when  exposed  to  the  air, 
gradually  lets  fall  a  concrete  substance,  which  is  caout- 
chouc. 

]f  oxy-muriatic  acid  be  poured  into  the  milky  juice, 
the  caoutchouc  precipitates  immediately,  and,  at  the 
same  time,  the  acid  loses  its  peculiar  odour.  This  ren- 
ders it  probable  that  the  formation  of  the  caoutchouc 
is  owing  to  its  basis  absorbing  oxygen f.  If  the  milky 
juice  be  confined  in  a  glass  vessel  containing  common 
air,  it  gradually  absorbs  oxygen,  and  a  pellicle  of  caout- 
chouc appears  on  its  surface  f . 

Caoutchouc  was  no  sooner  known  than  it  drew  the 
attention  of  philosophers.  Its  singular  properties  pro- 
mised that  it  would  be  exceedingly  useful  in  the  arts, 
provided  any  method  could  be  fallen  Upon  to  mould  it 
into  the  various  instruments  for  which  it  seemed' pecu- 
liarly adapted.  Messrs  de  la  Condamine  and  Fiesnau 
had  mentioned  some  of  its  properties  ;  but  Macquer 
was  the  first  person  who  undertook  to  examine  it  with 


*  Asiatic  Researches,  v.  167.  London  Edition, 
f  Fburcroy,  Ann.  de  Chun.  xi.  229.  {  Ibid, 
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moirs of  the  French  Academy  for  the  year  1768.  They 
threw  a  good  deal  of  light  on  the  subject ;  but  Mac- 
quer  fell  inso  some  mistakes,  which  were  pointed  out 
by  Mr  Berniard  who  published  an  admirable  paper  on 
caoutchouc  in  the  17th  volume  of  the  "Journal  de  Phy- 
sique. To  this  paper  we  are  indebted  for  the  greater 
number  of  facts  at  present  known  respecting  caoutchouc. 
Mr  Grossart  and  Mr  Fourcroy  have  likewise  added  con- 
siderably to  our  knowledge  of  this  singular  substance  ; 
both  of  their  Treatises  have  been  published  in  the  nth 
volume  of  the  Annales  de  Chi?nie. 

Properties.  Caoutchouc,  when  pure,  is  of  a  white  colour  *,  and 
without  either  taste  or  smell.  The  blackish  colour  of 
the  caoutchouc  of  commerce  is  owing  to  the  method 
employed  in  drying  it  after  it  has  been  spread  upon 
moulds.  The  usual  way  is  to  spread  a  thin  coat  of  the 
milky  juice  upon  the  mould,  and  then  to  dry  it  by  ex- 
posing it  to  smoke  ;  afterwards  another  coat  is  spread 
on,  which  is  dried  in  the  same  way.  Thus  the  caout- 
chouc of  commerce  consists  of  numerous  layers  of  pure 
caoutchouc  alternating  with  as  many  layers  of  soot. 

Caoutchouc  is  soft  and  pliable  like  leather.  It  is  ex- 
ceedingly elastic  and  adhesive ;  so  that  it  may  be  for- 
cibly stretched  out  much  beyond  its  usual  length,  and 
instantly  recover  its  former  bulk  when  the  force  is  with- 
drawn. It  cannot  be  broken  without  very  considerable 
force.     Its  specific  gravity  is  c.9335  f. 


*  I  have  seen  some  pieces  ol  it  from  the  East  Indies,  which  had  hecn 
allowed  to  inspissate  in  the  open  air :  They  were  white,  with  a  slight 
cast  ol  yellow,  and  had  very  much  the  rppearancc  and  feel  of  whitf 
soap. 

f  Fourcroy,  yiii.  39. 
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Tt  is  not  altered  by  exposure  to  the  air  ;  it  is  per-     Chap.  I. 
feetly  insoluble  in  water  :  but  if  boiled  for  sometime  Action  of 
its  edges  become  somewhat  transparent,  owing  undoubt-  water> 
edly  to  the  water  carrying  off  the  soot ;  and  so  soft, 
that  when  two  of  them  are  pressed  and  kept  together 
for  some  time,  they  adhere  as  closely  as  if  they  formed 
one  piece.    By  this  contrivance  pieces  of  caoutchouc 
may  be  soldered  together,  and  thus  made  to  assume 
whatever  shape  we  please*. 

Caoutchouc  is  insoluble  in  alcohol.    This  property  Alcohol, 
was  discovered  very  early,  and  fully  confirmed  by  the 
experiments  of  Mr  Macquer.    The  alcohol,  however, 
renders  it  colourless. 

Caoutchouc  is  soluble  in  ether.    This  property  was  Ether, 
first  pointed  out  by  Macquer.    Berniard,  on  the  con- 
trary, found  that  caoutchouc  was  scarcely  soluble  at  all 
in  sulphuric  ether,  which  was  the  ether  used  by  Mac- 
quer, and  that  even  nitric  ether  was  but  an  imperfect 
solvent.    The  difference  in  the  results  of  these  two 
chemists  was  very  singular ;  both  were  remarkable  for 
their  accuracy,  and  both  were  top  well  acquainted  with 
the  subject  to  be  easily  misled.    The  matter  was  first 
cleared  up  by  Mr  Cavallo.    He  found  that  ether,  when 
newly  prepared,  seldom  or  never  dissolved  caoutchouc 
completely  ;  but  if  the  precaution  was  taken  to  wash 
the  ether  previously  in  water,  it  afterwards  dissolved 
caoutchouc  with  facility.    Mr  Grossart  tried  this  ex- 
periment, and  found  it  accurate  f.    It  is  evident  from 
this  that  these  chemists  had  employed  ether  in  different 
states.    The  washing  of  ether  has  two  effects.    It  de- 
prives it  of  a  little  acid  with  which  it  is  often  impreg- 


#  Grossart,  Ann.  de  Chim.  xi.  153.  f  Ibid.  p.  147- 


t20 


VEGETABLE  SUBSTANCES. 


Book  IV. 


Volatile 
oils, 


Alkalies' 
and  acids, 


Petroleum. 


Action  of 
beat. 


nated,  and  it  adds  to  it  about  one-tenth  of  water,  which 
remains  combined  with  it. 

When  the  ether  is  evaporated,  the  caoutchouc  is  ob- 
tained unaltered.  Caoutchouc,  therefore,  dissolved  in 
ether,  may  be  employed  to  make  instruments  of  diffe- 
rent kinds,  just  as  the  milky  juice  of  the  hsevea  ;  but 
this  method  would  be  a  great  deal  too  expensive  for 
common  use. 

Caoutchouc  is  soluble  in  volatile  oils  *  :  but,  in  ge- 
neral, when  these  oils  are  evaporated,  it  remains  some- 
what glutinous,  and  therefore  is  scarcely  proper  for 
those  uses  to  which,  before  its  solution,  it  was  so  admi- 
rably adapted.  • 

It  is  insoluble  in  alkalies  f.  The  acids  act  upon  it 
with  more  or  less  violence  according  to  their  nature. 
Sulphuric  acid  decomposes  it  completely,  charcoal  pre- 
cipitates, and  part  of  the  acid  is  converted  into  sulphu- 
rous acid.  When  treated  with  nitric  acid,  there  came 
over  azotic  gas,  carbonic  acid  gas,  prussic  acid  gas';  and 
oxalic  acid  was  formed  Muriatic  acid  does  not  affect 
it§.    The  other  acids  have  not  been  tried. 

Fabroni  has  discovered,  that  rectified  petroleum  dis- 
solves it,  and  leaves  it  unaltered  when  evaporated  ||. 

When  exposed  to  heat  it  readily  melts  ;  but  it  never 
afterwards  recovers  its  properties,  but  continues  always 
of  the  consistence  of  tar.  It  burns  very  readily  with  & 
bright  white  flame,  and  diffuses  a  fetid  odour.  In  those 
countries  where  it  is  produced,  it  is  often  used  by  way 
of  candle. 


*  Berniard. 
§  Berniard. 


j  Id.  t  Ann.  tfe  Chim.  xi.  23*. 

H  Ann.  de  Cb'tm.  xi.  195.  and  xii.  156, 
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When  distilled,  it  tnves  out  ammonia*.    It  is  evi-     Chap.  I. 
dent  from  this,  and  from  the  effect  of  sulphuric  and 
nitric  acid  upon  it,  that  it  is  composed  of  carbon,  hy- 
drogen, azot,  and  oxygen  ;  but  the  manner  in  which 
they  are  combined  is  unknown. 

It  seems  to  exist  in  a  great  variety  of  plants  ;  but  is 
usually  confounded  with  the  other  ingredients.  It  may 
be  separated  from  resins  by  means  of  alcohol.    It  may  How  ci- 
te extracted  from  the  different  species  of  muletoe  by  ^omplacts 
water,  with  which,  in  the  fluid  state  in  which  it  exists 
in  these  plants,  it  readily  combines.  When  mixed  with 
gum  or  extract,  it  may  be  separated  by  the  following 
process  :  Digest  a  part  of  the  plant  containing  it  first 
in  water  and  then  in  alcohol,  till  all  the  substances  so- 
luble in  these  liquids  be  extracted.    Dry  the  residuum, 
and  digest  it  in  five  times  its  weight  of  rectified  petro- 
leum.   Express  the  liquid  part  by  squeezing  the  sub- 
stance in  a  linen  cloth.    Let  this  liquid  remain  several 
days  to  settle,  then  decant  off  the  clear  liquid  part,  mix 
•  it  with  a  third  part  of  water,  and  distil,  the  caoutchouc 
remains  behind  f. 

According  to  Bucholz,  opium  contains  a  considerable 
portion  of  caoutchouc  \.  That  part  of  masticb  which 
is  insoluble  in  alcohol  is  said  also  to  be  pure  caout- 
chouc §. 


*  Ann.de  dim.  xi.  2^2. 
\  Ann.de  Ckim.  xxxiv.  133. 


•f-  Hermstadt,  Med.  and  Pbys.  Jour.  in.  3  71. 
J  Jour,  de  Mln.  No  v.  86. 
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All  trees,  and  most  other  plants,  contain  a  particular 
Extraction,  substance,  well  known  by  the  name  of  wood.  If  a  piece 
of  wood  be  well  dried,  and  digested,  first  in  a  sufficient 
quantity  of  water,  and  then  of  alcohol,  to  extract  from 
it  all  the  substances  soluble  in  these  liquids,  there  re- 
mains behind  only  the  woody  fibre. 

This  substance,  which  constitutes  the  basis  of  wood, 
is  composed  of  longitudinal  fibres,  easily  subdivided  in- 
to a  number  of  smaller  fibres.  It  is  somewhat  transpa- 
rent ;  is  perfectly  tasteless  ;  has  no  smell ;  and  is  not 
altered  by  exposure  to  the  atmosphere. 

It  is  insoluble  in  water  and  in  alcohol.  The  fixed  al- 
kalies, when  assisted  by  heat,  give  it  a  deep  brown  co- 
lour, render  it  soft,  and  decompose  it. 

When  heated^  it  blackens  without  melting  or  froth- 
ing up,  and  exhales  a  disagreeable  acrid  fume,  and  leaves 
a  charcoal  which  retains  exactly  the  form  of  the  origi- 
nal mass.  When  distilled  in  a  retort,  it  yields  an  acid 
liquor  of  a  peculiar  taste  and  smell,  distinguished  by 
the  name  of  pyrolignous,  and  formerly  considered  as  a 
distinct  acid  ;  but  Fourcroy  and  Vauquelin  have  lately 
ascertained  that  it  is  merely  the  acetous  acid  combined 
with  an  empyreumatic  oil. 
Action  of  nitvlc  ac*d  Fourcroy  converted  the  residuum  of 

nitric  acid,    quinquina,  which  does  not  seem  to  differ  from  the 
woody  fibre,  into  oxalic  acid  ;  at  the  same  time  there 


Action  of 
heat. 


WOOD. 


wis  a  little  citric  acid  formed,  and  a  very  small  quan- 
tity of  malic  and  acetous  acids.  Some  azotic  gas  also 
was  disengaged.  By  this  process  he  obtained  from  100 
parts  of  woody  fibre   56.250  oxalic  acid 

3.90  <;  citric  acid 
0.388  malic  acid 
0.486  acetous  acid 
0.867  azotic  gas 
8.330  carbonat  of  lime 

70.226 

32.031  residuum 
102. 257 

There  was  likewise  a  quantity  of  carbonic  acid  gas 
disengaged,  the  weight  of  which  was  unknown.  This 
increase  of  weight  in  the  product  was  evidently  owing 
"to  the  oxygen  derived  from  the  nitric  acidf. 

When  this  residuum  was  distilled  in  a  retort,  100 
parts  yielded  the  following  products  : 
26.62    of  a  yellow  liquid,  containing  alcohol,  and  an 
acid  which  had  the  smell  of  pyromucous. 
6.977  °f  concrete  oil,  mostly  soluble  in  alcohol 
22.995  charcoal 
3.567  carbonat  of  lime 

60.159 

39.841  gas,  half  carbonic  acid,  half  carbonated  hydro- 
gen 

100.000  \ 

When  wood  is  burnt  with  a  smothered  flame,  it  leaves, 


"j-  in  the  retort 


*  Ann,  de  Cbim.  viii.  153. 


f  Ibid.  iji. 
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as  is  well  known,  a  quantity  of  charcoal  behind  it, 
which  exhibits  the  exact  form,  and  even  the  different 
layers  of  the  original  wood.  As  it  is  the  wood  alone] 
which  undergoes  this  change,  while  the  other  compo- 
nent parts  of  the  plant  are  dissipated,  we  may  form  some 
notion  of  the  i-elative  proportion  of  wood  which  diffe- 
rent plants  contain  by  the  proportion  of  charcoal  which 
they  yield.  Now,  the  quantity  of  charcoal  yielded  by 
1 .00  of  different  trees  is,  according  to  the  experiments  of 
Proust,  as  follows  : 

Black  ash  0.25 

Guaiacum  0.24 

Pine  0.20 

Green  oak  0.20 

Heart  of  oak  0.19 

Wild  ash  0.17 

White  ash  0.17 

From  the  facts  above  related,  it  appears  that  the 
ivood  of  plants  is  composed  of  oxygen,  carbon,  hydro- 
gen, azot,  and  lime.  Mr  Chaptal  supposes  that  muci- 
lage differs  from  woody  fibre  merely  in  containing  less 
oxygen. .  We  are  certain  at  least  that  mucilage  or  gum 
is  composed  of  the  same  ingredients and  Mr  Chaptal 
has  shewn,  that  the  juices  of  plants  are  partly  converted 
into  a  substance  similar  to  woody  fibre  by  oxy-muriatic 
acid,  which  imparts  to  them  oxygen  *.  These  juices 
contain  both  gum  and  resin  :  after  the  formation  of 
the  woody  fibre  the  resin  is  still  unaltered.  This  gives 
some  probability  to  his  opinion,  provided  it  can  be 
proved  that  extract,  by  combining  with  oxygen,  assumes 
the  properties  of  wood  ;  for  the  precipitate  observed 
by  Chaptal  was  undoubtedly  extract. 


*  Ann.  dt  Cb'im.  xxi.  285. 
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OF  SUBER. 


This  name  has  been  introduced,  into  chemistry  by 
1  Fourcroy,  to  denote  the  outer  bark  of  the  quercus  suber, 
or  the  common  cork,  a  substance  which  possesses  pro- 
perties different  from  all  other  vegetable  bodies. 

It  is  exceedingly  light,  soft,  and  elastic  ;  very  com-  Its  proper- 
bustible,  burning  with  a  bright  while  flame,  and  leaving 
a  light  black  bulky  charcoal-,  and  when  distilled  it  yields 
a  little  ammonia.  Nitric  acid  gives  it  a  yellow  colour, 
corrodes,  disolves,  and  decomposes  it,  converting  it 
j  partly  into  suberic  acid,  partly  into  a  substance  resem- 
bling wax. 

Fourcroy  supposes,  from  some  experiments  which  he 
does  not  relate,  that  the  epidermis  of  all  trees  is  a  sub- 
:  stance  possessed  of  the  same  properties  with  cork. 


SECT.  XVIII. 

OF  EARTHS. 

The  only  earths  hitherto  found  in  plants  are  the  four 
following  \  lime,  silica,  magnesia,  alumina. 

1.  Lime  is  usually  the  most  abundant  of  the  earths  Lime< 
of  plants,  and  the  most  generally  diffused  over  the  vege- 
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Silica. 


Magnesia. 


Alumina. 


table  kingdom.  Indeed  it  is  a  very  uncommon  thin 
to  find  a  plant  entirely  destitute  of  lijne  :  salsola  soda  i 
almost  the  only  one  in  which  we  know  for  certain  th; 
this  earth  does  not  exist  *. 

2.  Silica  exists  also  in  many  plants,  particularly  i 
grasses  and  equisetums.  Mr  Davy  has  ascertained  th; 
it  forms  a  part  of  the  epidermis,  or  outermost  bark  c 
these  plants  ;  and  that  in  some  of  them  almost  the  who! 
epidermis  is  silica. 

Parts  Silic 

I co  parts  of  the  epid.  of  bonnet  cane  yielded  90 

bamboo   71.4 

(arundo  phrcgm.)  common  reed   .  .  .  48.1 
stalks  of  corn  ....  6.5 
The  concretions  which  are  sometimes  found  in  t 
bamboo  cane  have  been  ascertained  by  Mr  Macie  to  b 
composed  of  pure  silica. 

3.  Magnesia  does  nos  exist  so  generally  in  the  vege 
table  kingdom  as  the  two  preceding  earths.  It  has  bee 
found,  however,  in  considerable  quantities  in  sever 
sea  plants,  especially  fucif.    But  the  salsola  soda  co 
tains  a  greater  proportion  of  magnesia  than  any  plan 
hitherto  examined.     Mr  Vaaquelin  found  that  10 
parts  of  it  contained  17.929  of  that  earth 

4.  Alumina  has  only  been  found  in  very  small  quan 
ties  in  plants. 

The  following  Table  will  shew  the  quantity  of  thes 
four  earths  which  exist  in  several  vegetables. 


*  Vauquelin,  Attn,  de  Cbim.  xviii.  76. 
\  Ibid.  78. 


t  Id.  Ibid.  86.  and  ix.  94, 
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ico  parts  of  oak  contain  of  earths       1.03  *  ,  chaP- T-  , 

Beech.  C453f  Proportion 

-pi»  ,  of  earths. 

Fir  :  0.003  f 

Turkey  wheat  7.11  f 

Sunflower  3.7 2  \ 

Vine  branches  2.85  !  ' 

Box   2.674  f 

Willow  2.515  f 

Elm  1.96  f 

Aspin   :  .  .  1. 146  f 

Fern  3-221  | 

Wormwood  2.444  § 

Fumitory  14. coo  § 

This  Table  shews  us,  that  the  quantity  of  earth  is 

i  greater  in  herbs  than  in  trees. 

Bergman  found  all  the  four  earths  in  every  kind  of 

[  grain  which  he  analysed  ||. 

Vauquelin  found,  that  100  parts  of  oat  grain  left 

3.1591  of  residuum.    This  residuum  is  composed  of 

60.7  silica 

39.3  phosphat  of  lime 
100.0  H 

When  the  whole  of  the  avena  sativa,  h.owevcr,  stalk 
and  seed  together,  is  burnt,  it  leaves  a  residuum  com- 
posed of  55  silica 

15  phosphat  of  lime 
20  potass 
5  carbonat  of  lime 

95  and  a  little  oxide  of  iron  **. 


*  Watson.  f  Kirwan,  Irish  Trans,  ill.  35. 

}  Home.  §  Wieglcb. 

I  O/jw.  v.  94,  ^  Ann.  de  Cbi'm.  xxix.  17.        **  Ibid.  19. 
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LBook  lv\      This  shews  us  that  the  stalk  contains  several  substan- 
ces not  to  be  found  in  the  grain. 


SECT.  XIX. 

OF  METALS. 

Several  metallic  substances  have  also  been  found  in 
the  ashes  of  vegetables,  but  their  quantity  is  exceedingly 
small ;  so  small,  indeed,  that  without  very  delicate  ex- 
periments their  presence  cannot  even  be  detected. 
Iron  and  The  metals  hitherto  discovered  are  iron,  which  is  by 
manganese.   £ar  ^  most  cornmorij  manganese,  and,  if  we  believe 

some  chemists,  gold. 

Scheele  first  detected  manganese  in  vegetables  *. 
Proust  found  it  in  the  ashes  of  the  pine,  calendula,  vine, 
green  oak,  and  fig-tree  f.  Iron  exists  in  most  plants. 
The  ashes  of  some  species  of  salsola  contain  a  consider- 
able quantity  of  it.  With  respect  to  the  minute  portion 
of  gold  extracted  from  the  ashes  of  plants  by  Kunkel, 
Sage,  &c.  it  is  probable  that  it  proceeded  rather  from 
the  lead  which  they  employed  in  their  processes  than 
from  the  gold. 


Thus  we  have  taken  a  survey  of  all  the  substances 
which  have  hitherto  been  obtained  from  vegetables  : 
by  analysing  each  of  these,  we  come  at  last  to  those 


*  Opuic.  i.  1 06. 


|  Phil.  M.ig.  v,  09. 
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bodies  which  we  are  at  present  obliged  to  consider  as  Chap.!, 
simple,  because  they  have  not  yet  been  decomposed, 
and  of  which  accordingly  we  must  suppose  that  vege- 
tables are  ultimately  composed.    These  bodies  amount 
to  15,  namely, 

X.  Oxygen,  9.  Lime,  Substances 

011  found  in 

2.  Sulphur,  10.  Magnesia,  plants. 

3.  Phosphorus,  11.  Silica, 

4.  Carbon,  12.  Alumina, 

5.  Hydrogen,  13.  Potass, 

6.  Azot,  14.  Soda, 

7.  Iron,  15.  Muriatic  acid. 

8.  Manganese, 
But  of  these  substances  there  are  twelve  which  compose 
but  a  very  small  proportion  indeed  of  vegetables.  Al- 
most the  whole  of  vegetable  substances  are  composed  of 
four  ingredients,  namely, 

Carbon,  Oxygen, 
Hydrogen,  Azot. 
Of  these  the  last,  namely  azot,  forms  but  a  small  pro- 
portion even  of  those  vegetable  substances  of  which  it  is 
a  constituent  part,  while  into  many  it  does  not  enter  at 
all :  so  that,  upon  the  whole,  by  far  the  greater  part 
1  of  vegetable  substances  is  composed  of  carbon,  hydro- 
gen, and  oxygen.    I  do  not  mention  caloric  and  light; 
concerning  the  nature  of  which  too  little  is  known  to 
<  enable  us  to  determine  with  certainty  into*  what  sub-  I 
stances  they  enter. 

The  substances  at  present  known  to  chemists,  which 
:  they  have  not  been  hitherto  able  to  decompose,  amount 
I  (omitting  caloric  and  light)  to  about  40.  Sixteen  of 
I  these  exist  in  plants;  the  other  24  belong  exclusively  to 
;  the  mineral  kingdom  :  for  if  is  a  fact,  that  no  substance 
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(I  mean  simple  substance)  has  been  hitherto  found  in  the 
animal  kingdom  which  does  not  exist  also  in  vegetables. 

On  the  contrary,  all  the  simple  substances  at  present 
known  may  be  found  in  minerals.  This  indeed  ought 
not  to  surprise  us,  if  we  recollect,  that  the  spoils  of  ani- 
mals and  vegetables,  after  they  have  undergone  decom- 
position, are  ultimately  confounded  with  minerals,  and 
consequently  arranged  under  the  mineral  kingdom.  Be- 
sides, as  vegetables  draw  all  their  food  from  the  mineral 
kingdom,  it  would  be  absurd  to  suppose  that  they  con- 
tain substances  which  they  could  not  have  procured 
from  minerals.  It  must  follow,  therefore,  of  necessity, 
that  minerals  contain  all  the  simple  substances  which  ex- 
ist in  this  globe  of  ours  ;  and  that  plants  owe  their  di- 
versity merely  to  different  modifications  of  those  prin- 
ciples which  they  imbibe  from  the  soil.  But  it  is  im- 
possible to  have  any  precise  notions  about  a  subject  so 
intricate,  without  considering  with  some  attention  the 
structure  of  vegetables,  the  food  which  they  imbibe, 
and  the  changes  which  they  produce  on  that  food. 
These  inquiries  shall  form  the  subject  of  the  next  Chap- 
ter ;  in  which  I  propose  to  take  a  view  of  those  phe- 
nomena of  vegetation  which  are  connected  with  chemi- 
stry, or  which  may  be  elucidated  by  the  application  of 
the  principles  of  that  science. 
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OF  VEGETATION. 


We  have  now  seen  the  different  substances  which  are 
contained  in  plants  ;  but  we  have  still  to  examine  the 
manner  in  which  these  substances  are  produced,  and  to 
endeavour  to  trace  the  different  processes  which  consti- 
tute vegetation.  But  I  must  warn  the  reader  not  to  ex- 
pect complete  information  in  this  Chapter.  The  won- 
ders of  the  vegetable  kingdom  are  still  but  yery  imper- 
fectly explored  ;  many  of  the  organs  of  plants  are  too 
minute  for  our  senses  j  and  scarcely  a  single  process  can 
be  completely  traced. 

The  multiplicity  of  operations  continually  going  on  r>ifficu1ry 
in  vegetables  at  the  same  time,  and  the  variety  of  diffe-  jcet. 
rent,  and  even  opposite  substances,  formed  out  of  the 
same  ingredients,  and  almost  in  the  same  place,  astonish 
and  confound  us.  The  order,  too,  and  the  skill  with 
which  every  thing  is  conducted,  are  no  less  surprising. 
No  two  operations  clash;  there  is  no  discord,  no  irregu- 
larity, no  disturbance  ;  every  object  is  gained,  and  eve- 
ry thing  is  ready  for  its  intended  purpose.  This  is  too 
wonderful  to  escape  our  observation,  and  of  too  much 
importance  not  to  claim  our  attention.  Many  philoso- 
phers, accordingly,  distinguished  equally  by  their  in- 
dustry and  sagacitv,  have  dedicated  a  great  part  of  their 
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lives  to  the  study  of  vegetation.  But  hitherto  their  suc- 
cess has  not  been  equal  to  their  exertions.  No  person 
has  been  able  to  detect  this  Agenty  always  so  busy,  and 
performing  such  wonders,  or  to  discover  him  at  his 
work  ;  nor  have  philosophers  been  much  more  fortu- 
nate in  ther  attempts  to  ascertain  the  instruments  which 
he  employs  in  his  operations.  A  great  variety,  how- 
ever, of  curious  and  interesting  facts  have  been  disco- 
vered. These  I  shall  attempt  in  the  following  Sections 
to  collect  and  arrange,  to  point  out  their  dependence  on 
each  other,  and  perhaps  to  deduce  such  consequences  as 
obviously  result  from  this  mutual  dependence. 


SECT.  I. 


OF  GERMINATION. 


Plants  pro- 
duced from 
seeds. 


Seeds  com- 
posed of 
three  parts, 


I.  Natural  historians  have  proved,  by  a  very  com- 
plete induction  of  facts,  that  all  plants  arise  from  seeds. 
The  pretended  exceptions  have  disappeared,  one  after  an- 
other, as  our  knowledge  of  vegetables  increased  :  and 
now  there  remains  scarcely  a  single  objection  intitled  to 
the  smallest  regard.  The  late  attempt  of  Girtanner  * 
to  revive  the  doctrine  of  equivocal  generation,  deserves 
no  attention  whatever  ;  because  his  conclusions  are  ab- 
solutely incompatible  with  the  experiments  of  Mr  Sene- 
bier  upon  the  very  substance  on  which  his  theory  is 
founded. 

A  seed  consists  of  three  parts  :  namely,  the  cotyU* 


*  Ann.  dc  Cbim.  x«iv. 
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dons,  the  radicle,  and  the  plumula,  which  are  usually  in-  Chap.  it. 
closed  in  a  cover. 

If  we  take  a  garden  bean,  we  may  perceive  each  of  viz.  Coty- 

*  led 
these  three  parts  with  great  ease  ;  for  this  seed  is  of  so   e  on> 

large  a  size,  that  ail  its  organs  are  exceedingly  distinct. 
When  we  strip  off  the  external  coats  of  the  bean,  which 
are  two,  and  of  different  degrees  of  thickness  in  different 
parts,  we  find  that  it  easily  divides  into  two  lobes,  pret- 
ty nearly  of  the  same  size  and  figure.  Each  of  these 
lobes  is  called  a  cotyledon  (fig.  37.  a).  The  cotyledons 
of  the  bean,  then,  are  two  in  number. 

Near  that  part  of  the  lobes  which  is  contiguous  to  Radj,jCj 
what  is  called  the  eye  of  the  bean,  there  is  a  small  round 
white  body  (£),  which  comes  out  between  the  two  lobes. 
This  body  is  called  the  radicle. 

Attached  to  the  radicle  there  is  another  small  round  piumuia, 
body  (<:),  which  lies  between  the  cotyledons,  and  wholly 
within  them,  so  that  it  cannot  be  seen  till  they  are  se- 
parated from  each  other.    This  body  is  called  th  e  plu- 
jfiula. 

The  appearance  and  shape  of  these  three  parts  dif- 
fer very  much  in  different  seeds,  but  there  is  no  seed 
which  wants  them.    The  figure  and  size  of  the  seed 
depend  chiefly  upon  the  cotyledons.    This  is  evidently 
the  case  with  the  bean,  and  it  is  so  with  all  other  seeds. 
The  number  of  cotyledons  is  different  in  different  seeds. 
Some  seeds  have  only  one  cotyledon,  as  the  seeds  of 
wheat,  oats,  barley,  and  the  whole  tribe  of  grasses:  some 
have  three  ;  others  six,  as  the  seeds  of  the  garden  cress ; 
most  seeds,  like  the  bean,  have  two  cotyledons. 
L  When  a  seed  is  placed  in  a  situation  favourable  to  Germiaa- 
veMtation,  it  very  soon  changes  its  appearance.    The  tl0U 
rauijfle  is  converted  into  a  root,  and  sinks  into  the  earth; 
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Requires 
moisture, 


Heat, 


the  plumula,  on  the  other  hand,  rises  above  the  earth, 
and  becomes  the  trunk  or  stem.  "When  these  changes 
take  place,  the  seed  is  said  tg>  germinate :  the  process  it- 
self has  been  called  germination.  Seeds  do  not  germi- 
nate equally  and  indifl'crcntly  in  all  places  and  seasons. 
Germination,  therefore,  is  a  process  which  does  not  de- 
pend upon  the  seed  alone;  something  external  must  also 
affect  it. 

3.  It  is  a  well  known  fact,  that  seeds  will  not  ger- 
minate unless  moisture  have  access  to  them ;  for  seeds,  if 
they  are  kept  perfectly  dry,  never  vegetate  at  all,  and 
yet  their  power  of  vegetating  is  not  destroyed.  Water, 
then,  is  essential  to  germination.  Too  much  water, 
however,  is  no  less  prejudicial  to  most  seeds  than  none 
at  all.  The  seeds  of  water  plants,  indeed,  germinate 
and  vegetate  extremely  well  in  water ;  but  most  other 
seeds,  if  they  are  kept  in  water  beyond  a  certain  time, 
are  rotted  and  destroyed  altogether. 

4.  It  is  well  known  also,  that  seeds  will  not  germi- 
nate, even  though  supplied  with  water,  provided  the 
temperature  be  bejow  a  certain  degree.  No  seed,  for 
instance,  on  which  the  experiment  has  been  tried,  can 
be  made  to  vegetate  at  or  below  the  freezing  point 
yet  this  degree  of  cold  does  not  injure  the  vegetating 
power  of  seeds  ;  for  many  seeds  will  vegetate  as  well  as 
ever  after  having  been  frozen,  or  after  having  been  kept 
in  frozen  water.  "We  may  conclude,  then,  that  a  cer- 
tain degree  of  heat  is  necessary  for  the  germination  of 
seeds.  And  every  species  of  plants  seems  to  have  a  de- 
gree peculiar  to  itself,  at  which  its  seeds  begin  to  ger- 
minate ;  for  every  seed  has  a  peculiar  season  at  which 
it  begins  to  germinate,  and  this  season  varies  with  the 
temperature  of  the  air.    Mr  Adanson  found  that  seedsg 


GERMINATION. 


*35 


when  sown  at  the  same  time  in  France  and  in  Senegal,     Chap.  n. 
always  appeared  sooner  above  ground  in  the  latter  coun- 
try, where  the  climate  is  hotter,  than  in  France  *, 

c.  Seeds,  although  supplied  with  moisture,  and  pla-  Andoxy- 

.  i         gen  gas. 

ced  in  a  proper  temperature,  will  not  germinate,  pro- 
vided atmospherical  air  be  completely  excluded  from 
them.  Mr  Ray  found  that  grains  of  lettuce  did  not 
germinate  in  the  vacuum  of  an  air-pump,  but  they  be- 
gan to  grow  as  soon  as  air  was  admitted  to  them  -]-. 
Homberg  made  a  number  of  experiments  on  the  same 
^subject,  which  were  published  in  the  Memoirs  of  the 
French  Academy  for  the  year  1693.  He  found,  that 
the  greater  number  of  seeds  which  he  tried  refused  to 
vegetate  in  the  vacuum  of  an  air-pump.  Some,  how- 
ever, did  germinate;  but  Boyle,  Muschenbroek,  and 
Boerhaave,  who  made  experiments  on  the  same  subject 
in  succession,  proved  beyond  a  doubt  that  no  plant  ve- 
getates in  the  vacuum  of  an  air-pump;  and  that  in  those 
cases  in  which  Homberg's  seeds  germinated,  the  vacuum 
was  far  from  perfect,  a  quantity  of  air  still  remaining  in 
the  receiver.  It  follows,  therefore,  that  no  seed  will 
germinate  unless  atmospherical  air,  or  some  air  having 
the  same  properties,  have  access  to  it.  It  is  for  this 
reason  that  seeds  will  not  germinate  at  a  certain  depih 
below  the  surface  of  the  earth. 

Mr  Scheele  found  that  beans  would  not  germinate 
except  oxygen  gas  were  present :  Mr  Acharu  afterwards 
proved,  that  oxygen  gas  is  absolutely  necessary  for  the 
germination  of  all  seeds,  and  that  no  seed  will  germi- 
nate in  azotic  gas,  or  hydrogen  gas,  or  carbonic  acid  gas, 
unless  these  gases  contain  a  mixture  of  oxygen  gas. 


•*  Eneye.  MdLod.  Pl>ysio[.  VcgtU  124.  f  PHI.  Trans.  No.  1m. 
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iV'_.  These  experiments  have  been  confirmed  by  Mr  Gough, 
Mr  Cruickshank,  and  many  other  philosophers.  It  fol- 
lows, therefore,  that  it  is  not  the  whole  atmospheric 
air,  but  merely  the  oxygen  gas  which  it  contains,  that  is 
necessary  for  the  germination  of  seeds. 

Nay,  Mr  Humbolt  has  ascertained  that  seeds  vege- 
tate more  rapidly  when  steeped  in  oxy-muriatic  acid, 
or  when  watered  with  it  ;  and  this  acid  is  well  known 
for  the  facility  with  which  it  parts  with  its  oxygen. 
This  acid  seems  even  to  augment  the  vegetative  power 
of  seeds.  At  Vienna  several  seeds  which  had  been  long 
kept,  and  which  had  constantly  refused  to  germinate, 
grew  readily  when  treated  with  this  acid*. 
Impeded  by  6.  Light  also  has  considerable  influence  on  the  ger- 
1'^ht'  mination  of  seeds.  Ingenhousz  found  that  seeds  always 

germinate  faster  in  the  dark  than  when  exposed  to  the 
light  f.  His  experiments  were  repeated  by  Mr  Senne- 
bier  with  equal  success:}:.  But  the  Abbe  Bertholin, 
who  distinguished  himself  so  much  by  his  labours  to 
demonstrate  the  effect  of  electricity  on  vegetation,  ob- 
jected to  the  conclusions  of  these  philosophers,  and  af- 
firmed, that  the  difference  in  the  germination  of  seeds  in 
the  shade  and  in  the  light  was  owing,  not  to  the  light 
itself,  but  to  the  difference  of  the  moisture  in  the  rwo 
situations  ;  the  moisture  evaporating  much  faster  from 
-  the  seeds  in  the  light  than  from  those  in  the  shade  ;  and 
he  affirmed,  that  when  precautions  were  taken  to  keep 
the  seeds  equally  moist,  those  in  the  sun  germinated 
sooner  than  those  in  the  shade  §.  But  when  Mr  Senne- 
bier  repeated  his  former  experiment?,  and  employed 


*  your,  de  Tbys.  xlvii.  63  t  £xptrit*te  sur  Us  Vegetaux,  ii. 
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every  possible  precaution  to  ensure  the  equality  of   Chap. IT. 

I  moisture  in  both  situations,  he  constantly  found  the 
seeds  in  the  shade  germinate  sooner  than  those  in  the 

I  light*.  We  may  conclude,  therefore,  that  light  is  in- 
jurious to  germination  ;  and  hence  one  reason  for  cover- 

i  ing  seeds  with  the  soil  in  which  they  are  to  grow. 

7.  Thus  we  have  seen  that  seeds  will  not  germinate 

1  unless  moisture,  heat,  and  oxygen  gas  be  present  ;  and 

I  that  they  do  not  germinate  well  if  they  are  exposed  to 

tthe  action  of  light.  Now,  in  what  manner  do  these 
substances  affect  the  seed  ?  What  are  the  changes  which 

I  they  produce  ? 

It  was  observed  before,  that  all  seeds  have  one  or  Phenomena 

of  germiiia- 

•  more  cotyledons.  These  cotyledons  contain  a  quantity  tion. 
» of  farinaceous  matter,  laid  up  on  purpose  to  supply  the 
i  embryo  plant  with  food  as  soon  as  it  begins  to  require 
it.  This  food,  however,  must  undergo  some  previous 
preparation,  before  it  can  be  applied  by  the  plant  to  the 
formation  or  completion  of  its  organs.  Now  all  the 
phenomena  of  germination,  which  we  can  perceive,  con- 
sist in  the  chemical  changes  which  are  produced  in  that 
food,  and  the  consequent  developement  of  the  organs  of 
the  plant. 

When  a  seed  is  placed  in  favourable  circumstances,  Cotyledons 
it  gradually  imbibes  moisture,  and  very  soon  after  emits  Yq<A™ 
a  quantity  of  carbouic  acid  gas,  even  though  no  oxy-  ■ 
gen  gas  be  presentf .    If  no  oxygen  gas  be  present,  the 
process  stops  here,  and  no  germination  takes  place.  But 
if  oxygen  gas  be  present,  it  is  gradually  absorbed  by  the 
seed  ;  and  at  the  same  time  the  farina  of  the  cotyledons 


*  Eneyc.  Metb.  Physiol.  Veget.  ia6. 
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assumes  a  sweet  taste  resembling  sugar :  it  is  therefore 
converted  into  sugar,  or  some  substance  analogous  to 
it*.  Mr  Saussure  Junior  has  ascertained  that  the  quan- 
tity of  oxygen  gas  absorbed  during  germination  is  al- 
ways proportional  to  the  carbonic  acid  gas  emitted ; 
that  is  to  say,  the  carbonic  acid  emitted  contains  in  it 
precisely  the  same  quantity  of  oxygen  as  has  been  ab- 
sorbed f.  Hence  it  is  evident  that  the  farina  is  chan- 
ged into  sugar  by  diminishing  its  carbon,  and  of  course 
by  augmenting  the  proportion  of  its  hydrogen  and  ox- 
ygen. This  is  precisely  the  process  of  malting,  or  of 
converting  grain  into  malt  ;  during  which  it  is  well 
known  that  there  is  a  considerable  heat  evolved  ;  so 
much  indeed,  that  in  certain  circumstances  grain  impro- 
perly kept  has  even  taken  fire.  We  may  conclude  from 
this,  that  during  the  germination  of  seeds  in  the  fearth 
there  is  also  an  evolution  of  a  considerable  portion  of 
heat.  This  indeed  might  have  been  expected,  as  it  usu- 
ally happens  when  oxygen  gas  is  absorbed. 

So  far  seems  to  be  the  work  of  chemistry  alone  ;  at 
least  we  have  no  right  to  conclude  that  any  other  agent 
interferes  ;  since  hay,  when  it  happens  to  imbibe  mois- 
ture, exhibits  nearly  the  same  processes.  Carbonic  acid 
gas  is  evolved,  oxygen  gas  is  absorbed,  heat  is  produ- 
ced so  abundantly,  that  the  hay  often  takes  fire  :  at  the 
same  time  a  quantity  of  sugar  is  formed.  It  is  owing 
to  a  partial  change  of  the  same  kind  that  old  hay  gene- 
rally tastes  much  sweeter  than  new  hay.  Now  we  have 
no  reason  to  suppose  that  any  agents  peculiar  to  the 
vegetable  kingdom  reside  in  hay ;  as  all  vegetation, 
and  all  power  of  vegetating,  are  evidently  destroyed. 


♦Gough,  Mancb.  Mrm.  iv.315. — Cruikshanfc,  Rollo  on  Diaht:t,  p.  .yj. 
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But  when  the  farina  in  the  seeds  of  vegetables  is  con- 
verted into  sugar,  a  number  of  vessels  make  their  ap- 
pearance in  the  cotyledon.  The  reader  will  have  a 
pretty  distinct  notion  of  their  distribution  by  inspect- 
ing fig.  38.  These  vessels  may  indeed  be  detected  in 
many  seeds  before  germination  commences,  but  they 
become  much  more  distinct  after  it  has  made  some  pro- 
gress. Branches  from  them  have  been  demonstrated  by 
Grew,  Malpighi,  and  Hedwig,  passing  into  the  radicle, 
and  distributed  through  every  part  of  it.  These  evi- 
dently carry  the  nourishment  prepared  in  the  cotyle- 
dons to  the  radicle  ;  for  if  the  cotyledons  be  cut  off, 
even  after  the  processes  above  described  are  completed, 
germination,  as  Bonnet  and  Sennebier  ascertained  by  ex- 
periment, immediately  stops.  The  food  therefore  is  con- 
veyed from  the  cotyledons  into  the  radicle,  the  radicle 
increases  in  size,  assumes  the  form  of  a  root,  sinks 
down  into  the  earth,  and  soon  becomes  capable  of  ex- 
tracting the  nourishment  necessary  for  the  future 
growth  of  the  plant.  Even  at  this  period,  after  the 
radicle  has  become  a  perfect  root,  the  plant,  as  Senne- 
bier ascertained  by  experiment,  ceases  to  vegetate  if  the 
cotyledons  be  cut  off.  They  are  still  then  absolutely  ne- 
cessary for  the  vegetation  of  the  plant. 

The  cotyledons  now  assume  the  appearance  of  leaves, 
and  appear  above  the  ground,  forming  what  are  called 
the  seminal  leaves  of  the  plant.  After  this  the  phtmula 
gradually  increases  in  size,  rises  out  of  the  earth,  and 
expands  itself  into  branches  and  leaves.  The  seminal 
leaves,  soon  after  this,  decay  and  drop  off,  and  the  plant 
carries  on  all  the  processes  of  vegetation  without  their 
assistance. 

1  Mr  Eller  attempted  to  shew,  that  there  is  a  vessel  in 


Chap.  II. 

And  send  it 
into  the 
radicle, 


Which  be- 
am cs  » 
root. 
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Book  IV.  seeds  which  passes  from  the  cotyledons  to  the  plumula  $ 
but  later  anatomists  have  not  been  able  to  perceive  any 
such  vessel.  Even  Mr  Hedwig,  one  of  the  most  pa- 
tient, acute,  and  successful  philosophers  that  ever  exa- 
mined the  structure  of  vegetables,  could  never  discover 
any  such  vessel,  although  he  traced  the  vessels  of  the 
cotyledons  even  through  the  radicle.  As  it  does  not 
appear,  then,  that  there  is  any  communication  between 
the  cotyledons  and  the  plumula,  it  must  follow  that  the 
nourishment  passes  into  the  plumula  from  the  radicle  i 
and  accordingly  we  see  that  the  plumula  does  not  begin 
to  vegetate  till  the  radicle  has  made  some  progress. 
Since  the  plant  ceases  to  vegetate,  even  after  the  radicle 
has  been  converted  into  a  root,  if  the  cotyledons  be  re- 
moved before  the  plumula  is  developed,  it  follows,  that 
the  radicle  is  insufficient  of  itself  to  carry  on  the  pro- 
cesses of  vegetation,  and  that  the  cotyledons  still  con- 
Digest  the  tinue  to  perform  a  part.  Now  we  have  seen  already 
by  thefroot.  what  that  part  is  ;  they  prepare  food  for  the  nourish- 
ment of  the  plant.  The  root,  then,  is  of  itself  insuffi- 
cient for  this  purpose.  When  the  cotyledons  assume 
the  form  of  seminal  leaves,  it  is  evident  that  the  nou- 
rishment which  was  originally  laid  up  in  them  for  the 
support  of  the  embryo  plant  is  exhausted,  yet  they  still 
continue  as  necessary  as  ever.  They  must  therefore  re- 
ceive the  nourishment  which  is  imbibed  by  the  root ; 
they  must  produce  some  changes  on  it,  render  it  suit- 
able for  the  purposes  of  vegetation,  and  then  send  it 
back  again  to  be  transmitted  to  the  plumula. 

After  the  plumula  has  acquired  a  certain  size,  which 
must  be  at  least  a  line,  if  the  cotyledons  be  cut  off,  the 
plant,  as  Mr  Bonnet  ascertained  by  a  number  of  expe- 
riments, afterwards  repeated  with  equal  success  by  Mr 
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Sennebier,  does  not  cease  to  vegetate,  but  it  continues 
always  a  mere  pigmy  :  its  size,  when  compared  with 
that  of  a  plant  whose  cotyledons  are  allowed  to  remain, 
being  only  as  2  to  7  *. 

When  the  plumula  has  expanded  completely  into 
leaves,  the  cotyledons  may  be  removed  without  injuring 
the  plant,  and  they  very  soon  decay  of  themselves.  It 
appears,  then,  that  this  new  office  of  the  cotyledons  is 
afterwards  performed  by  that  part  of  the  plant  which 
is  above  i/round; 

*•  Thus  we  have  traced  the  phenomena  of  germination 
as  far  as  they  have  been  detected.  The  facts  are  ob- 
vious ;  but  the  manner  in  which  they  are  produced  is  a 
profound  secret.  We  can  neither  explain  how  the  food 
enters  into  the  vessels,  how  it  is  conveyed  to  the  diffe- 
rent parts  of  the  plant,  how  it  is  deposited  in  every  or- 
gan, nor  how  it  is  employed  to  increase  the  size  of  the 
old  parts,  or  to  form  new  parts.  Thes'e  phenomena  are 
analogous  to  nothing  in  mechanics  or  chemistry,  but 
resemble  exactly  the  organization  and  nourishment  of 
animals.  They  belong  therefore  to  that  difficult  branch 
of  science  known  by  the  name  of  Physiology. 


*  Encyc.  MctloJ.  Physio!.  Vcgtt.  43. 
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SECT.  II. 


OF  THE  STRUCTURE  OF  PLANTS. 


Plants  com- 
posed of 


Bark, 


When  the  process  of  germination  is  accomplished,  th 
plant  is  complete  in  all  its  parts,  and  capable  of  ve- 
getating in  a  proper  soil,  for  a  time  and  with  a  vigou 
proportional  to  its  nature. 

Plants,  as  every  body  knows,  are  very  various,  and 
of  course  the  structure  of  each  species  must  have  many 
peculiarities.    Trees  have  principally  engaged  the  at- 
tention of  anatomists,  on  account  of  their  size  and  th 
distinctness  which  they  expected  to  find  in  their  parts. 
I  shall  therefore  take  a  tree  as  an  instance  of  the  struc 
ture  of  plants  ;  and  I  shall  do  it  the  more  readily, 
the  greater  number  of  vegetables  are  provided  with  an 
alogous  organs,  dedicated  to  similar  uses. 

A  tree  is  composed  of  a  root,  a  trunk,  and  branches ; 
the  structure  of  each  of  which  is  so  similar,  that  a  ge 
neral  description  cf  their  component  parts  will  be  suffi 
cient.    Each  of  them  consists  of  three  parts,  the  bark 
the  wood,  and  the  pith. 

The  baric  is  the  outermost  part  of  the  tree.  It  co 
vers  the  whole  plant  from  the  extremity  of  the  roots  t 
the  extremity  of  the  branches.  It  is  usually  of  a  greer^ 
colour  ;  if  a  branch  of  a  tree  be  cut  across,  the  bark  i 
easily  distinguished  from  the  rest  of  the  branch  by  thidj 
coloxir.  If  we  inspect  such  a  horizontal  section  wit' 
attention,  we  shall  perceive  that  the  bark  itself  is  com 
posed  of  three  distinct  bodies,  which,  with  a  little  care 
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may  be  separated  fiom  each  other.    The  outermost  of  t,£haP'n,y 

these  bodies  is  called  the  epidermis,  the  middlemost  is 
1  ealled  the  parenchyma,  and  the  innermost,  or  that  next 

the  wood,  is  called  the  cortical. layers. 

The  epidermis  is  a  thin  transparent  membrane,  which  Ep'dernjis, 
<  covers  all  the  outside  of  the  bark.  It  is  pretty  tough. 
I  When  inspected  with  a  microscope,  it  appears  to  be 
*  composed  of  a  number  of  slender  fibres  crossing  each 
.  other,  and  forming  a  kind  of  network.  It  seems  even 
1  to  consist  of  different  thin  retiform  membranes,  adhe- 
!  ring  closely  together.  This,  at  least,  Is  the  case  with 
t  the  epidermis  of  the  birch,  which  Mr  Duhamcl  separa- 
:  ted  into  six  layers.  The  epidermis,  when  rubbed  off, 
I  is  reproduced.  In  old  trees  it  cracks  and  decays,  and 
:  new  epidermes  are  successively  formed.    This  is  the 

reason  that  the  trunks  of  many  old  trees  have  a  rough 

Surface. 

I .  The  parenchyma  lies  immediately  below  the  cpjder-  Farcnchy- 
rnis  ;  it  is  of  a  deep  green  colour,  very  tender,  and  suc^ 
culent.  When  viewed  with  a  microscope,  it  seems  to 
be  composed  of  fibres  which  cross  each  other  in  every 
direction,  like  the  fibres  which  compose  a  hat.  Both 
in  it  and  the  epidermis  there  are  numberless  interstices, 
which  have  been  compared  to  so  many  small  bladders. 

The  cortical  layers  form  the  innermost  part  of  the  Cortical 
bark,  or  that  which  is  next  to  the  wood.  They  con-  A>crs' 
sist  of  several  thin  membranes,  lying  the  one  above  the 
other  ;  and  their  number  appears  to  increase  with  the 
age  of  the  plant.  Each  of  these  layers  is  composed  of 
longitudinal  fibres,  which  separate  and  approach  each 
other  alternately,  so  as  to  form  a  kind  of  network.  The 
meshes  of  this  network  correspond  in  each  of  the  lay- 
ers ;  and  they  become  smaller  and  smaller  in  every  lay- 
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er  as  it  approaches  the  wood.  These  meshes  are  fille.t 
with  a  green-coloured  "cellular  substance,  which  lias 
been 'compared  b  y  anatomists  to  a  number  of  bladders 
adhering  together,  and  communicating  with  each  other. 

The  wood  lies  immediately  under  the  bsrk,  and 
forms  by  far  the  greatest  part  of  the  trunk  and  large 
branches  of  trees.  It  consists  of  concentric  layers,  the 
number  of  which  increases  with  the  age  of  the  part. 
Each  of  these  layers,  as  Mr  Duhamel  ascertained,  may 
be  separated  into  several  thinner  layers,  and  these  are 
composed,  chiefly  of  longitudinal  fibres.  Hence  the  rea- 
son that  wood  may  be  much  more  easily  split  asunder 
than  cut  across. 

The  wood,  when  we  inspect  it  with  attention,  is  not, 
through  its  whole  extent,  the  same  ;  the  part  of  it  next 
the  bark  is  much  softer  and  whiter,  and  more  juicy 
Alburnum,  than  the  rest,  and  has  for  that  reason  obtained  a  parti- 
cular name  ;  it  has  been  called  the  alburnum  or  aubier. 
The  perfect  wood  is  browner,  and  harder,  and  denser 
than  the  alburnum,  and,  the  layers  increase  in  density 
the  nearer  they  are  to  the  centre.  Sir  John  Hill  gave 
to  the  innermost  layer  of  wood  the  name  of-  corona ;  or 
rather  he  gave  this  name  to  a  thin  zone  which,  accord- 
ing to  him,  lies  between  the  wood  and  the  pith. 
•  ■  The  pith  occupies  the  centre  of  the  wood.  It  is  a 
very  spongy  body,  containing  a  prodigious  number  of 
cells,  which  anatomists'  have  compared  to  bladders.  In 
young  shoots  it  is  very  succulent ;  but  it  becomes  dry 
as  the  plant  advances,  and  tit  last  in  the*  large  trunks  of 
manv  trees  disappeai»:"aa£ogejthef.7 

The  leaves  are  attached  to  the  branches  of  plants 
by  short  footstalks.  From  these  footstalks  a  number  of 
fibre*  issue,  which  ramify  and  communicate  with  each 
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other  in  every  part  of  the  leaf,  and  form  a  very  curious 
network.  These  fibres  may  be  obtained  separately,  by 
keeping  the  leaf  long  in  moisture.  Every  other  part  of 
it  putrefies  and  falls  off,  or  may  be  easily  rubbed  off, 
and  only  the  fibres  remain,  constituting  a  skeleton  of 
the  leaf.  In  every  leaf  there  are  two  layers  of  these 
fibres,  forming  two  distinct  skeletons,  which  had  con- 
stituted the  upper  and  under  surface  of  the  leaf. 

The  whole  leaf  is  covered  with  the  epidermis  of  the 
I  plant ;  and  this  epidermis,  as  Saussure  has  shewn,  con- 
tains in  it  a  great  number  of  glands.  The  other  parts 
of  the  bark  may  also  be  traced  on  many  leaves;  at  least 
(Saussure  has  shewn,  that  the  bark  of  leaves  is  composed 
of  two  different  layers.  The  interstices  between  the 
■fibres  of  the  leaf  are  filled  up  by  a  pulpy- like  substance, 
tto  which  the  green  colour  of  the  leaf  is  owing. 

Such  is  a  short  description  of  the  most  conspicuous 
j  parts  of  plants.  A  more  minute  account  would  have 
tbeen  foreign  to  the  subject  of  the  present  Work. 


SECT.  III. 

OF  THE  FOOD  OF  PLANTS. 

Plants,,  after  they  ^lave  germinated,  clo  not  remain 
stationary,  but  are  continually  increasing  in  size.  A 
rtree,  for  instance,  every  season  adds  considerably  to  its 
t  former  bulk.  The  root  sends  forth  new  shoots  and  the 
(  old  ones  become  larger  and  thicker.  The  same  incre- 
I  ment  takes  place  in  the  branches  and  the  trunk.  When 
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Plants  re- 
quire food. 


Water  ne- 
cessary. 


we  examine  this  increase  more  minutely,  we  find  that ; 
new  layer  of  wood,  or  rather  of  alburnum,  has  beei 
added  to  the  tree  in  every  part,  and  this  addition  ha 
been  made  just  under  the  bark.  We  find,  too,  that  ; 
layer  of  alburnum  has  assumed  the  appearance  of  per 
feet  wood.  Besides  this  addition  of  vegetable  fibre, 
great  number  of  leaves  have  been  produced  ;  and  t 
tree  puts  forth  flowers,  and  forms  seeds. 

It  is  evident  from  all  this,  that  a  great  deal  of  n 
matter  is  continually  making  its  appearance  in  plants 
Hence,  since  it  would  be  absurd  to  suppose  that  the 
create  new  matter,  it  must  follow  that  they  receive  i 
by  some  channel  or  other.  Plants,  then,  require  foo 
as  well  as  animals.  Now,  what  is  this  food,  and  whenc 
do  they  derive  it?  These  questions  can  only  be  an 
swered  by  an  attentive  survey  of  the  substances  wine' 
are  contained  in  vegetables,  and  an  examination  of  thos 
substances  which  are  necessary  for  their  vegetation.  I 
we  could  succeed  completely,  it  would  throw  a  grea 
deal  of  light  upon  the  nature  of  soils  and  of  manures 
and  on  some  of  the  most  important  questions  in  agricul 
ture.  But  we  are  far  indeed  at  present  from  being  abl 
to  examine  the  subject  to  the  bottom. 

I.  In  the  first  place,  it  is  certain  that  plants  will  no 
vegetate  without  water;  for  whenever  they  are  deprive 
of  it,  they  wither  and  die.  Hence  the  well-known  us 
of  rains  and  dews,  and  the  artificial  watering  of  ground* 
Water,  then,  is  at  least  an  essential  part  of  the  food  o 
plants.  But  many  plants  grow  in  pure  water;  an 
therefore  it  may  be  questioned  whether  water  is  not  th 
only  food  of  plants.  This  opinion  was  adopted  ver 
long  ago,  and  numerous  experiments  have  been  made  i 
order  to  demonstrate  it.    Indeed,  it  was  the  general  opi 


FOOD  OF  PLANTS. 


247 


«ion  of  the  17th  century;  and  some  of  the  most  sue-  Chapel, 
cessful  improvers  of  the  physiology  of  plants,  in  the 
iSth  century,  have  embraced  it.    The  most  zealous  ad- 
vocates for  it  were,  Van  Helmont,  Boyle,  Bonnet,  Du- 
hamel,  and  Tillet. 

Van  Helmont  planted  a  willow,  which  weighed  five  Supposed 
pounds,  in  an  earthen  vessel  filled  with  soil  previously  fo0d  of 
dried  in  an  oven,  and  moistened  with  rain  water.  This  I)lailts> 
vessel  he  sunk  into  the  earth,  and  he  watered  his  willow, 
sometimes  with  rain,  and  sometimes  with  distilled  wa- 
ter. After  five  years  it  weighed  i6oi-th  lbs.  and  the 
earth  in  which  it  was  planted,  when  again  dried,  was 
found  to  have  lost  only  two  ounces  of  its  original 
weight.  Here,  it  has  been  said,  was  an  increase  of 
1641b.  and  yet  the  only  food  of  the  willow  was  pure 
water  ;  therefore  it  follows  that  pure  water  is  sufficient 
to  afford  nourishment  to  plants.  The  insufficiency  of 
this  experiment  to  decide  the  question  was  first  pointed 
out  by  Bergman  in  1773  *.  He  shewed,  from  tht  ex- 
periments of  Margraff,  that  the  rain  water  employed  by 
Van  Helmont  contained  in  it  as  much  earth  as  could 
exist  in  the  willow  at  the  end  of  five  years.  For,  ac- 
cording to  the  experiments  of  Margraff",  1  lb.  of  rain 
water  contains  1  gr.  of  earth  f.  The  growth  of  the 
willow,  therefore,  by  no  means  proves  that  the  earth 
which  plants  contain  has  been  formed  out  of  water. 
Besides,  as  MrKirwan  has  remarked  J,  the  earthen  ves- 
sel must  have  often  absorbed  moisture,  from  the  sur- 
rounding earth,  impregnated  with  whatever  substance 
that  earth  contained  ;  for  unglazed  earthen  vessels,  as 


*  Opusc.  v.  9a.  \  Ibid.  ii.  IJ.  and  19.  \  Irish  Trans,  v.  150. 
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Book  IV.  Hales  *  and  Tillet  f  have  shewn,  readily  transmit  mols- 
But  with-  ture.  Hence  it  is  evident  that  no  conclusion  whatever 
out  reason.  can  ^  (jrawn  from        experiment:  tor  all  the  substanr 

ces  which  the  willow  contained,  except  water,  may  have 
been  derived  from  the  rain  water,  the  earth  in  the  pot, 
and  the  moisture  imbibed  from  the  surrounding  soil. 

The  experiments  of  Duhamel  and  Tiliet  are  equally 
inconclusive;  so  that  it  is  impossible  from  them  to  de* 
cide  the  question,  Whether  water  be  the  sole  nourish^ 
nient  of  plants  or  not  ?  We  owe  the  solution  of  this 
difficulty  to  the  experiments  of  Mr  Hassenfratz. 

He  analysed  the  bulbous  roots  of  hyacinths,  in  order 
to  discover  the  quantity  of  water,  carbon,  and  hydrogen, 
which  they  contained  and  by  repeating  the  analysis  on 
a  number  of  bulbs,  he  discovered  how  much  of  thes.e 

•  ingredients  was  contained  in  a  given  weight  of  the  bulb. 
He  analysed  also  kidney  beans  and  cress  seeds  in  the 
same  manner.  Then  he  made  a  number  of  each  of 
these  vegetate  in  pure  water,  taking  the  precaution  to 
weigh  them  beforehand,  in  order  to  ascertain  the  preT 
cise  quantity  of  carbon  which  they  contained.  The 
plants  being  then  placed,  some  within  doors,  and  others 
in  the  open  air,  grew  and  flowered,  but  produced  no 
seed.  He  afterwards  dried  them,  collecting  with  care 
all  their  leaves  arid  every  other  part  which  had  dropt  off 
during  the  course  of  the  vegetation.  On  submitting 
each  plant  to  a  chemical  analysis,  he  found  that  the 
quantity  of  carbon,  which  it  contained,  was  somewhat 

'    less  than  the  quantity  which  existed  in  the  bulb  or  the 
seed  from  which  the  plant  had  sprung  J. 


*  Vegct.  Stat.  i.  5. 

J  Anh.de  Cblm.  ziiL  1 88. 
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Hence  it  follows  irresistibly,  that  plants  growing  in  Chap.iL 
pure  water  do  nOt  receive  any  increase  of  carbon;  that 
the  water  merely  serves  as  a  vehicle  for  the  carbonaceous 
matter  already  present,  and  diffuses  it  through  the  plant. 
W ater,  then,  is  not  the  sole  food  of  plants;  for  all  plants 
during  vegetation  receive  an  increase  of  carbonaceous 
matter,  without  which  they  cannot  produce  perfect 
seeds,  nor' even  continue  >to  vegetate*  beyond  a  certain 
time ;  and  that  time  seems,  to  be  limited  by  the  quantity 
of  carbonaceous  matter  contained  in  the  bulb  or  the  seed 
from  which  they  grow.  For  Duhamel  found,;  that  an 
oak  which  he  had  raised  by  water  from  an  acorn,  mad? 
Jess  and  less  progress  every  year. .  "We  see,  too,  that 
those  bulbous  roots,  such  as  hyacinths,  tulips,  &c.  which 
are  made  to  grow  in  water,  unless  they  be  planted  in 
the  earth  every  other  year,  refuse  at  last  to  llower,  and 
even  to  vegetate  ;  especially  if  they  produce  new  bul- 
bous roots  annually,  and  the  old  ones  decay. 

So  far,  indeed,  is  water  from  being  the  sole  food  of  A  certain 

\  .  ..  ...  .  .         r  •    •  proportion 

plants,  that  in  general  only  a  ceitam  piopoitmn  of  it  is  0nly  requi- 
serviceable,  too  much  being  equally  prejudicial  to  them 
as  too  little.  Some  plants,  it  is  true,  grow  constantly 
in  water,  and  will  not  vegetate  in  any  other  situation  ; 
but  the  rest  are  entirely  destroyed  when  kept  immersed 
in  that  fluid  beyond  a  certain,  time.  Most  plains  rer 
quire  a  certain  degree  of  moisture  in  order  to  vegetate 
well.  This  is  one  reason  why  different  soils  are  requi- 
red for  different  plants.  Rice,  for  instance,  requires  a 
very  wet  soil:  were  we  to  sow  it  in  the  ground  on 
5vhich  wheat  grows  luxuriously,  it  would  net  succeed  ; 
and  wheat,  on  the  contrary,  would  rot  in  the  rice 
ground. 

We  should,  therefore,  in  choosing  a  soil  proper  for 
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Book  IV.  the  plants  which  we  mean  to  raise,  consider  the  quan- 
tity of  moisture  which  is  best  adapted  for  them,  and 
choose  our  soil  accordingly.  Now,  the  dryness  or  mois- 
ture of  a  soil  depends  upon  two  things  ;  the  nature  and 
proportions  of  the  earths  which  compose  it,  and  the 
quantity  of  rain  which  falls  upon  it.  Every  soil  con- 
tains at  least  three  earths,  silica,  lime,  and  alumina,  and 
sometimes  also  magnesia.  The  silica  is  always  in  the 
state  of  sand.  Now  soils  retain  moisture  longer  or 
shorter  according  to  the  proportions  of  these  earths. 
Those  which  contain  the  greatest  quantity  of  sand  re- 
tain it  the  shortest,  and  those  which  contain  the  great- 
est quantity  of  alumina  retain  it  longest.  The  first  is 
a  dry,  the  second  a  wet  soil.  Lime  and  magnesia  are 
intermediate  between  these  two  extremes  :  they  render 
a  sandy  soil  more  retentive  of  moisture,  and  diminish 
the  wetness  of  a  clayey  soil.  It  is  evident,  therefore, 
that,  by  mixing  together  proper  proportions  of  these 
four  earths,  we  may  form  a  soil  of  any  degree  of  dry- 
ness and  moisture  that  we  please. 

But  whatever  be  the  nature  of  the  soil,  its  moisture 
must  depend  in  general  upon  the  quantity  of  rain  which 
falls.  If  no  rain  at  all  fell,  a  soil,  however  retentive  of 
moisture  it  be,  must  remain  dry  ;  and  if  rain  were  very 
frequently  falling,  the  soil  must  be  open  indeed,  if  it  be 
not  constantly  wet.  The  proportion  of  the  different 
earths  in  a  soil,  therefore,  must  depend  upon  the  quan- 
tity of  rain  which  falls.  In  a  rainy  country,  the  soil 
ought  to  be  open  ;  in  a  dry  country,  it  ought  to  be  re- 
tentive of  moisture.  In  the  first,  there  ought  to  be  a 
greater  proportion  of  sand  ;  in  the  second,  of  clay. 
Earth  ne.  2'  Almost  all  plants  grow  in  the  earth,  and  every 
cessary,       S0Ji  contains  at  least  silica,  lime,  alumina,  and  often 
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magnesia.  The  use  of  these  earths  is  to  administer  the 
proper  quantity  of  water  to  the  vegetables  which  grow 
in  the  soil.  But  as  all  plants  contain  earths  as  a  part 
of  their  ingredients,  is  it  not  probable  that  earths  also 
serve  as  a  food  for  plants  ?  It  has  not  yet  indeed  been 
shewn,  that  those  plants  which  vegetate  in  puie  water 
do  not  contain  the  usual  quantity  of  earth  :  but  as  earths 
are  absolutely  necessary  for  the  perfect  vegetation  of 
plants,  as  they  are  contained  in  all  plants,  and  are  even 
found  in  their  juices,  we  can  scarcety  doubt  that  they 
are  actually  imbibed,  though  only  in  small  quantities. 
Mr  Tennant  has  ascertained,  that  magnesia,  when  un- 
combined  with  carbonic  acid  gas,  is  injurious  to  corn 
when  employed  as  a  manure  ;  and  that  lime,  which  con- 
tains a  mixture  of  magnesia,  likewise  injures  corn*. 
This  important  fact  demonstrates,  that  earths  are  not 
mere  vehicles  for  conveying  water  to  plants.  The  same 
conclusion  follows  irresistibly  from  the  experiments  of 
Saussure  Junior.  That  philosopher  analysed  the  fol- 
lowing plants  growing  in  a  granitic  and  in  a  calcareous 
soilf  ;  namely,  pinus  abies,  pinus  larix,  rhododendron 
ferrugineum,  vaccinium  myrtillus,  junlperus  communis. 
The  result  was,  that  the  plants  which  grew  in  the  gra- 
nitic soil  contained  most  water.  The  proportion  of 
charcoal  was  nearly  the  same  in  both  ;  but  the  propor- 


*  Phil.  Trans.  1799,  p  2. 

f  These  soils  were  composed  of  the  following  ingre'dients : 

Granitic.  Calcareous. 

73.25  silica  1     98.COC  carbonat  of  lime 

13.25  alumina  0625  alumina 

1.74  lime  0.625  oxide  of  iron 

9.0©  iron  and  manganese  0.025  petroleum 


97.24 
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Book  IV.  tion  of  earths  corresponded  nearly  with  the  nature  of 
the  soil.  The  plants  which  grew  in  the  granitic  soil 
contained  a  considerable  proportion  of  silica  and  metal- 
lic oxides  ;  those  which  grew  in  the  calcareous,  little 
or  none  of  these  bodies,  but  a  greater  proportion  of  cal- 
careous earth  than  the  granitic  plants.  Thus  the  pin-  . 
abies,  the  product  of  each  of  these  soils,  yielded  the  fol- 
lowing proportions  of  fixed  bodies  : 

Granitic.  Calcar. 

Potass   3-6°  7 

Alkaline  sulphats  and  muriats     4*243  ''*;.>* 


Carbonat  of  lime  .  . 
Carbonat  of  magnesia 
Silica 

Alumina  

Metallic  oxides   .  .  . 


46.34  ...  63 
6.77  ...  o 
13.49  ...  o 
14.86  ...  16 
10.52  ...  o 


90. 82  ...  94 


■ 


And  salts,  3"  plants  contain  likewise  various  saline  sub- 
stances ;  and  if  we  analyse  the  most  fertile  soils,  and 
the  richest  manures,  we  never  find  them  destitute  of 
these  substances.  Hence  it  is  probable  that  different 
salts  enter  as  ingredients  into  the  food  of  plants.  It  is 
probable  also,  that  every  plant  absorbs  particular  kinds 
of  salts.  Thus  sea  plants  yield  soda  by  analysis,  while 
inland  plants  furnish  potass.  The  potass  contained  in 
plants  has  indeed  been  supposed  to  be  the  produce  of 
vegetation  ;  but  this  has  not  been  proved  in  a  satisfac- 
tory manner.  We -find  potass  in  the  very  juices  of 
plants,  even  more  abundantly  than  in  the  vegetable  fi- 
bres themselves.  But  this  subject  is  still  buried  in  ob- 
scurity ;  and  indeed  it  is  extremely  difficult  to  make 


*  Phil.  Mag.  viii.  185. — Jour,  dc  Ptys.  lii.  27. 
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•decisive  experiments,  on  account  of  the  very  small  quan- 
tity of  potass  which  most  plants  contain. 

The  phosphorus,  too,  and  the  iron,  and  other  me- 
tals which  are  found  in  plants,  are  no  doubt  absorbed 
by  them  as  a  part  of  their  food.  We  may'  suppose  al- 
so, that  the  sulphuric  and  muriatic  acids,  and  perhaps 
even  the -nitric  acid,  when  found  in  plants,  are  imbibed 
by  them  along  with  the  rest  of  their  aliment. 

Nothing  is  at  present  known  concerning  those  saline 
substances  which  form  an  essential  part  of  the  food  of 
plants  ;  though  it  has  been  long  remarked  that  certain 
salts  are  useful  as  manures. 

4.  Water,  then,  and  earths,  and  perhaps  also  salts, 
form  a  part  of  the  food  of  plants.  But  plants  contain 
carbon,  which  cannot  be  derived  from  any  of  these  sub- 
stances ;  consequently  some  substance  or  other  besidesi 
which  contains  carbon,  must  constitute  a.  part  of  the 
food  of  plants, 

Mr  Giobert  mixed  together  the  four  earths,  silica, 
alumina,  lime,  magnesia,  in  the  proper  proportions,  to 
constitute  a  fertile  soil ;  and  after  moistening  them  with 
water,  planted  several  vegetables  in  them  ;  but  none  of 
his  plants  grew  well,  till  he  moistened  his  artificial  soil 
with  water  from  a  dunghill  *.  Now  it  is  certain,  from 
the  experiments  of  Hassenfratz,  that  this  water  con- 
tains carbon  ;  for  when  evaporated,  it  constantly  leaves 
behind  it  a  residuum  of  charcoal  j.  We  know  likewise, 
from  a  great  variety  of  experiments,  that  all  fertile  soils 
contain  a  considerable  quantity  of  carbonaceous  matter; 
for  all  of  them,  when  exposed  to  heat,  are  susceptible 
of  partial  combustion,  during  which  a  quantity  of  car- 


•  Encyc.  Melb.  Fbys.  Veget.  p.  275. 
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t.Bo0^  IV'.  ^onic  ac»d  gas  escapes.  Thus  Fourcroy  and  Hasscn- 
fratz  found  that  9216  parts  of  fertile  soil  contained 
305  parts  of  carbon,  besides  279  parts  of  oil ;  which, 
irom  the  analysis  of  Lavoisier,  we  may  suppose  to  con- 
tain about  I20  parts  of  carbon.  It  follows,  therefore, 
from  the  experiments  of  these  chemists*,  that  9216 
parts  of  soil  contain  525'  parts  of  carbon.  But  these 
92x6  parts  of  soil  contained  806  parts  of  roots  'of  ve- 
getables which  were  excluded  from  the  analysis  ;  con- 
sequently a  fertile  -oil  contains  (exclusive  cf  the  roots 
of  vegetables)  about  one-sixteenth  of  its  weight  of  car- 
bon. 

Which  _  But  the  carbon  must  exist  in  the  soil  in  a  particular 
particular  state  of  combination,  otherwise  it  docs  not  answer  as 
food  for  plants :  For  instance,  powdered  pitcoal",  mixed 
with  earths,  is  not  found  to  act,  at  least  immediately, 
as  a  manure  ;  yet  pitcoal  contains  a  very  great  quantity 
of  carbon.  Farther,  it  appears  from  the  experiments 
of  Mr  HassenfratZj  that  substances  employed  as  ma- 
nures produce  effects  in  times  proportioned  to  their  de- 
gree of  putrefaction  ;  those  substances  which  are  most 
putrid  producing  the  most  speedy  effects,  and  of  course 
soonest  losing  their  efficacy.  Having  manured  two 
pieces  of  the  same  kind  of  soil,  the  one  with  a  mixture 
of  dung  and  straw  highly  putrefied,  the  other  with  the 
same  mixture  newly  made,  and  the  straw  almost  fresh, 
he  observed  that,  during  the  first  year,  the  plants  which 
grew  on  the  land  manured  with  the  putrefied  dung  pro- 
duced a  much  better  crop  than  the  other  :  but  the  se- 
cond year  (no  new  dung  being  added),  the  ground 
which  had  been  manured  with  the  unputreficd  dung 


*  Er.cyc.  Metk.  Fly  sic!.  Vrgct.  p.  477. 
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produced  'the  best  crop  ;  the  same  thing  took  place 
the  third  year  ;  after  which,  both  seemed  to  be  equally 
exhausted  *.  Here  it  is  evident  that  the  putrefied  dung 
acted  soonest,  and  was  soonest  exhausted.  It  follows 
from  this,  that  carbon  only  acts  as  a  manure  when  in  a 
particular  state  of  combination  j  and  this  state,  what- 
ever it  may  be,  is  evidently  produced  by  putrefaction. 
Another  experiment  of  the  same  chemist  renders  this 
truth  still  more  evident.  He  allowed  shavings  of  wood 
to  remain  for  about  ten  months  in  a  moist  place  till 
they  began  to  putrefy,  and  then  spread  them  over  a  piece 
of  ground  by  way  of  manure.  The  first  two  years 
this  piece  of  ground  produced  nothing  more  than  others 
which  had  not  be™n  manured  at  all ;  the  third  year  it 
was  better,  the  fourth  year  it  was  still  better,  the  fifth 
year  it  reached  its  maximum  of  fertility ;  after  which 
it  declined  constantly  till  the  ninth,  when  it  was  quite 
exhausted  f .  Here  the  effect  of  the  manure  evidently 
depended  upon  its  progress  in  putrefaction. 

The  particular  state  into  which  carbon  must  be  re- 
duced before  it  be  fit  for  the  food  of  plants  is  not  known 
exactly,  the  different  combinations  of  carbon  having 
been  in  a  great  measure  overlooked.  And  yet  it  is  evi- 
dent, that  it  is  only  by  an  accurate  examination  of  these 
combinations,  and  a  thorough  analysis  of  manures,  in 
order  to  discover  what  particular  combinations  of  car- 
bon exist  in  them,  and  in  what  the  most  efficacious 
manures  differ  from  the  rest,  that  we  can  expect  to 
throw  complete  light  upon  the  nature  and  use  of  ma- 
nures, one  of  the  most  important  subjects  to  which  the 
farmer  can  direct  his  attention.    "We  know,  from  the 


*  Ann.  de  Cbim,  xiv.  57. 


f  Ibid.  p.  58. 
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experiments  of. Mr -jrlassenfratz,  that- all  those  manures 
whicli  act  with  efficacy  and  celerity- contain  carbon  in 
such  a  state  of  combination,  that  it  is  soluble  in  water"} 
and  that,  the  efficacy  of  the  manure  is  proportional  to 
the  quantity  of  carbon  so  soluble*.  He  found  that  all 
efficacious  manures  gave  a  brown  colour  to  water ;  and 
that  the  water  so  coloured,  when  evaporated,  left  a  rer 
siduum,  which  consisted  in  a  great  measure  of  carbon  f. 
He  observed,  too,  .that  the  soil  which  gives  the  deepest 
colour  to  water,  or  which  contains  the  greatest  quantity 
of  carbon  soluble  in  water,  is,  other  things  being  the 
same,  the  most  fertile.  y  yd  b.'iuoiri  Um 

This  is  hot,  however,  to  be  understood  without  limi- 
tation  ;  for  it  is  well  known  that  if  we  employ  exces- 
sive quantities  .of  manure,  we  injure  vegetation  instead 
of  promoting  it.   This  is  the  reason  that  plants  will  not^ 
as  Mr  Duhamel  found  by  experiment,  vegetate  in  satu- 
rated solutions  of  dung  -\. 
Not  cm-bo-       One  of  the  combinations  of  carbon  which  is  soluble 
in  water,  and  with  which  we  are  best  acquainted,  is  car- 
bonic acid  gas.    Tt  has  been  supposed  by  many  philo- 
sophers, particularly  by  Mr  Sennebier,  that  this  gas,  dis- 
solved in  water,  supplies  plants  with  a  great  part  of 
their  carbon.    But  Mr  Hassenfratz,  on  making  the  ex- 
periment, found  that  the  plants  which  he  raised  in  wa- 
ter, impregnated  with  carbonic  acid  gas,  differed  in  no 
respect  from  those  which  grew  in  pure  water,  and  did 
hot  contain  a  particle  of  carbon  which  had  not  existed  \ 


nic  acid. 


*  It  is  not  improbable  tbat  the  charcoal  of  manure  is  rendered  soluble 
in  water  by  being  combined  with  potass.  Every  chemist  must  have 
perceived  that  the  combination  is  easily  formed,  and  that  it  is  extremely 
difficult  to  free  potass  altogether  from  charcoal. 

\  Ann.  dt  Chun.  xiv.  56.  %  Mem  Par.  1 748. 
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In  the  seeds  from  which  they  sprung  *.    This  experi-  ^  Chap.  11.^ 
meut  proves  that  carbonic  acid  gas,  dissolved  in  water,  \ 
does  not  serve  as  food  for  plants.    It  appears,  however,  Butthatga3 
from  the  experiments  of  Ruckert,  that  when  plants  Isuseful- 
growing  in  soil  are  watered  daily  with  water  impregna- 
ted with  carbonic  acid  gas,  they  vegetate  faster  than 
when  this  watering  is  omitted.    He  planted  two  beans 
in  pots  of  equal  dimensions,  filled  with  garden  mould. 
One  of  these  was  watered  almost  daily  with  distilled  wa- 
ter, the  other  with  water,  every  ounce  of  which  was 
impregnated  with  half  a  cubic  inch  of  carbonic  acid  gas. 
Both  were  placed  in  the  open  air,  but  in  a  situation 
1  where  they  were  secure  from  rain.    The  bean  treated 
with  the  water  impregnated  with  carbonic  acid  gas  ap- 
peared above  ground  nine  days  before  the  other,  and 
;produced  25  beans  •,  whereas  the  other  produced  only 
115.    The  same  experiment  was  tried  on  other  plants 
iwith  equal  success  f .    This  shews  us  that  carbonic  acid 
igas  is  somehow  or  other  useful  to  plants  when  they  ve- 
^gecate  in  mould  ;  but  it  gives  us  no  information  about 
1  its  mode  of  acting.    Some  soils,  we  know,  are  capable 
rof  decomposing  it;  for  some  soils  contain  the  green 
coxide  of  iron  :  and  Gadolin  has  proved,  that  such  soils 
[have  the  property  of  decomposing  carbonic  acid  gas  J. 
Ilndeed  almost  all  soils  contain  iron,  either  in  the  state 
.of  the  brown  or  the  green  oxide  ;  and  Beaume  has 
shewn  that  oils  convert  the  brown  oxide  of  iron  into 
:  the  green  §.    Now  dung  contains  a  quantity  of  oily 
ssubstance  ;  and  this  is  the  case  also  with  rich  soils.  One 
^use  of  manures,  therefore,  may  be,  to  reduce  the  brown 


*  Ann.  de  dim.  xiii.  3*0,  \  Crell's  Annals,  1 788,  ii.  399. 

}  Ibid.  1791,  i.  53.  §  Kirwan,  hhb  Trans,  v.  167. 
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oxide  of  iron  to  the  green,  that  it  may  be  capable  of  de- 
composing carbonic  acid  gas.;  and  the  carbon,  thus  pre-j 
cipitated,  may  enter  into  some  new  combination,  in 
which  state  it  may  serve  as  food  for  plants.  But  it  it, 
more  probable,  that  the  carbonic  acid  enters  the  planti 
combined  with  some  other  body,  and  that  its  decompo-i 
sition  takes  place  within  the  plant  itself. 

Ingenhousz  observed  long  ago,  that  soils  have  the  pro-i 
perty  of  absorbing  oxygen  from  the  atmosphere  *.  This 
observation  has  been  lately  confirmed  by  Humbolt: 
and  upon  repeating  the  experiment,  I  found  that  new 
turned-up  soil  does  absorb  oxygen  from  the  air,  giving 
out  at  the  same  time  a  portion  of  carbonic  acid  gas.  It: 
can  scarcely  be  doubted  that  this  absorption  has  an  in- 
fluence on  vegetation,  especially  as  watering  plants  wit! 
weak  solutions  of  oxy-muriatic  acid  accelerates  vegeta- 
tion -f.  But  we  know  too  little  of  the  subject  at  pre- 
sent  to  be  able  to  specify  precisely  what  that  influence 
is. 

Such  isv'  the  present  state  of  our  knowledge  respect-i 
ing  the  food  of  plants,  as  far  as  it  is  supplied  by  the  soil| 
in  which  they  vegetate.  It  is  probable  that  it  is  imJ 
bibed  by  the  extremities  of  the  roots  only  ;  for  Duha-S 
mel  observed,  that  the  portion  of  the  soil  which  is  soon-j 
est  exhausted  is  precisely  that  part  in  which  the  greati 
est  number  of  the  extremities  of  roots  lies  J.  "J  hid 
shews  us  the  reason  why  the  roots  of  plants  are  conti-j 
nually  increasing  in  length.  By  this  means  they  ar« 
enabled,  in  some  measure,  to  go  in  quest  of  nourish]! 
ment.    The  extremities  of  the  roots  seem  to  have  4| 


*  Jour,  de  Pbys.  xlv.  460. 
J  Physique  da  Arira,  ii.  239. 
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peculiar  structure  adapted  for  the  imbibing  of  mois-  t  Chap.  IT.  ^ 
ture.    If  we  cut  off  the  extremity  of  a  root,  it  never 
increases  any  more  in  length  :  therefore  its  use  as  a  root 
I  has  been  in  a  great  measure  destroyed.    But  its  sides 
send  out  fibres  which  act  the  part  of  roots,  and  imbibe 
ij  food  by  their  extremity.  Nay,  in  some  cases,  when  the 
:  extremity  of  a  root  is  cut  off,  the  whole  decays,  and  a 
:  new  one  is  formed  in  its  place.    This,  as  Dr  Bell  in- 
!  forms  us,  is  the  case  with  the  hyacinth  *. 

The  extremities  of  the  roots  contain  no  visible  open-  it  must  be 
:  ing.  Hence  we  may  conclude,  that  the  food  which  they  g"^-^6  °* 
simbibe,  whatever  it  may  be,  must  be  in  a  state  of  so- 
lution ;  while  the  absolute  necessity  of  water  renders  it 
probable  that  water  is  the  solvent.    And,  in  fact,  the 
carbon,  in  all  active  manures,  is  in  such  a  state  of  combi- 
ation  that  it  is  soluble  in  water.    All  the  salts  which 
»we  can  suppose  to  make  a  part  of  the  food  of  plants 
sare  more  or  less  soluble  in  water.   This  is  the  case  also 
vwith  lime,  whether  it  be  pure  or  in  the  state  of  a  salt ; 
imagnesia  and  alumina  maybe  rendered  so  by  means  of 
:arbonic  acid  gas ;  and  Bergman,  Macie,  and  Klaproth, 
lave  shewn  that  even  silica  may  be  dissolved  in  water. 
VWe  can  see,  therefore,  in  general,  though  we  have  no 
^precise  notions  of  the  very  combinations  which  are  im- 
rniediately  imbibed  by  plants,  that  all  the  substances 
which  fosm  essential  parts  of  that  food  may  be  dissol- 
ved in  water. 


*  Mancb.  Mem.  ii.  412. 
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SECT.  IV. 

OF  THE  SAP  OF  PLANTS. 

Since  the  food  of  plants  is  imbibed  by  tlieir  roots  in 
.  a  fluid  state,  it  must  exist  in  plants  in  a  fluid  state  and 
unless  it  undergoes  alterations  in  its  composition  just 
when  imbibed,  we  may  expect  to  find  it  in  the  plant  un- 
altered.   If  there  were  any  method  of  obtaining  this 
fluid  food  from  plants  before  it  has  been  altered  by 
them,  we  might  analyse  it,  and  obtain  by  that  means  a 
much  more  accurate  knowledge  of  the  food  of  plants 
than  we  can  by  any  other  method.    This  plan  indeed 
must  fail,  provided  the  food  undergoes  alteration  just 
when  it  is  absorbed  by  the  roots  :  but  if  we  consider, 
that  when  one  species  of  tree  is  grafted  upon  another, 
each  bears  its  own  peculiar  fruit,  and  produces  its  own 
peculiar  substances,  we  can  scarcely  avoid  thinking  that 
the  great  changes,  at  least  which  the  food  undergoes 
after  absorption,  are  produced,  not  in  the  roots,  but  in 
other  parts  of  the  plant. 
Sap  of         If  this  conclusion  be  just,  the  food  of  plants,  after 
plants      being  imbibed  by  the  roots,  must  go  directly  to  those 
organs  where  it  is  to  receive  new  modifications,  and  to 
be  rendered  fit  for  being  assimilated  to  the  different  p*rts 
of  the  plant.    There  ought  therefore  to  be  certain  juices 
continually  ascending  from  the  roots  of  plants  ;  and 
these  juices,  if  we  could  get  thempure  and  unmixed 
with  the  other  juices  or  fluids  which  the  plant  must 
contain,  and  which  have  been  secreted  and  formed  from 
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these  primary  juices,  would  be,  very  nearly  at  least,  the    Chap.  n. 
food  as  it  was  imbibed  by  the  plant.    Now  during  the 
vegetation  of  plants,  there  actually  is  a  juice  continually 
ascending  from  their  roots.    This  juice  has  been  called 
the  sap,  the  succus  communis,  or  the  lymph  of  plants. 

i.  The  first  step  towards  an  accurate  knowledge  of  flows  out 
the  food,  and  of  the  changes  which  take  place  during  ve-  spring, 
getation,  is  an  analysis  of  the  sap.  The  sap  is  most  abun- 
dant during  the  spring.    At  that  season,  if  a  cut  be, 
made  through  the  bark  and  part  of  the  wood  of  some 
'trees,  the  sap  flows  out  very  profusely.    The  trees  are 
then  said  to  bleed.    By  this  contrivance  any  quantity  of 
sap  we  think  proper  may  be  collected.    It  is  not  pro- 
bable, indeed,  that  by  this  method  we  obtain  the  ascend- 
ing sap  in  all  its  purity  :  it  is  no  doubt  mixed  with  the 
peculiar  juices  of  the  plant;  but  the  let>s  progress  vege- 
tation has  made,  the  purer  we  Tnay  expect  to  find  it ; 
both  because  the  peculiar  juices  must  be  in  much  small- 
er quantity,  and  because  its  quantity  may  be  supposed 
to  be  greater.    We  should  therefore  examine  the  sap  as 
early  in  the  season  as  possible,  and  at  all  events  before 
the  leaves  have  expanded. 

For  the  most  complete  set  of  experiments  hitherto  Analysed, 
made  upon  the  sap,  we  are  indebted  to  Mr  Vauquelin  *. 
He  has  neglected  to  inform  us  of  the  state  of  the  tree 
when  the  sap  which  he  analysed  was  taken  from  it;  so 
that  we  are  left  in  a  state  of  uncertainty  with  respect 
to  the  purity  of  the  sap :  but  from  the  comparison  which 
he  has  put  it  in  our  power  to  draw  between  the  state 
of  the  sap  at  different  successive  periods,  we  may  in 
6ome  measure  obviate  this  uncertainty. 


*  Ann.de  Cbim.  xxxi.  32.  and  Jour.dc  Pbys.  xlix.  38. 
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He  found  that  1039  parts  of  the  sap  of  the  ulmus 
campestris,  or  common  elm,  were  composed  of 
1027.904  water  and  volatile  matter 
9.240  acetite  of  potass 
i.c6o  vegetable  matter 
0.796  carbonat  of  lime 
Besides  some  slight  traces  of  sulphuric  and  muriatic 
acids. 

On  analysing  the  same  sap  somewhat  later  in  the  sea- 
son, Mr  Vauquelin  found  the  quantity  of  vegetable  mat- 
ter a  little  increased,  and  that  of  the  carbonat  of  lime 
and  acetite  of  potass  diminished.  Still  later  in  the  sea- 
son the  vegetable  matter  was  farther  increased,  and  the 
other  two  ingredients  farther  diminished.  The  carbo- 
nat of  lime  was  held  in  solution  by  carbonic  acid,  of 
which  there  existed  a  considerable  excess  in  the  sap. 
It  is  to  this  acid  gas  that  the  air-bubbles,  which  so  often 
accompany  the  sap  as  it  issues  from  the  tree,  are  ow- 
ing *. 

If  these  experiments  warrant  anj  consequence  to  be 
drawn  from  them,  they  would  induce  us  to  suppose  that 
the  carbonat  of  lime  and  acetite  of  potass  were  contain- 
ed in  the  pure  ascending  sap,  and  that  part  at  least  of 
the  vegetable  matter  was  derived  from  the  peculiar 
juices  altered  by  the  secreting  organs  of  the  plan;: ;  for 
the  two  salts  diminished  in  quantity,  and  the  vegetable 
matter  increased  as  the  vegetation  of  the  tree  advanced. 
Now  this  is  precisely  what  ought  to  have  taken  place, 
on  the  supposition  that  the  sap  became  more  and  more 
mixed  with  the  peculiar  juices  of  the  tree,  as  wc  are 
supposing  it  to  do.    If  these  conclusions  have  any  so- 


*  See  Coulomb,  Jour,  dc  Pbyi.  jdix.  392. 
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lidity,  it  follows  from  them,  that  carbonat  of  lime  and    Ghap.  II. 
I  acetite  of  potass  are  absorbed  by  plants  as  a  part  of  their 
:  food.    Now  these  salts,  before  they  are  absorbed,  must* 
I  be  dissolved  in  water.  But  the  carbonat  of  lime  may  be 
c  dissolved  in  water  by  the  help  of  carbonic  acid.  This 
5  shews  us  how  water  saturated  with  carbonic  acid  may 
tbe  useful  to  plants  vegetating  in  a  proper  soil,  while  it 
:  is  useless  to  those  that  vegetate  in  pure  water.    In  the 
Ijpure  water  there  is  no  carbonat  of  lime  to  be  dissol- 
lived  ;  and  therefore  carbonic  acid  gas  cannot  enter  into  a 
It  combination  which  renders  it  proper  for  becoming  the 
It  food  of  plants.    Part  of  the  vegetable  matter  was  pre- 
Iccipitated  from  the  sap  by  alcohol.    This  part  seems  to 
llhave  been  gummy.    Now  gums,  as  is  well  known,  are 
I]  produced  by  vegetation. 

The  sap  of  the  fagus  sylvatica,  or  beech,  contained 
I  the  following  ingredients : 
Water, , 

Acetite  of  lime  with  excess  of  acid, 
Acetite  of  potass, 
Gallic  acid, 
Tan, 

A  mucous  and  extractive  matter, 
Acetite  of  alumina. 
Although  Mr  Vauquelin  made  two  different  analyses 
I  of  this  sap  at  different  seasons,  it  is  impossible  to  draw 
any  satisfactory  conclusions  from  them,  as  he  has  not 
given  us  the  proportions  of  the  ingredients."  It  seems 
clear  that  the  gallic  acid  and  tan  were  combined  toge- 
t  ther  ;  for  the  sap  tasted  like  the  infusion  of  oak  bark. 
The  quantity  of  each  of  these  ingredients  increased  as 
vegetation  advanced  ;  for  the  colour  of  the  second  sap 
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collected  later  was  much  deeper  than  that  of  the  first. 
This  shews  us  that  these  ingredients  were  produced  by 
vegetation,  and  that  they  did  not  form  a  part  of  the 
ascending  sap.  Probably  they  were  derived  from  the 
bark  of  the  tree.  The  presence  of  alumina,  and  the 
absence  of  carbonic  .acid  gas,  would  seem  to  indicate 
that  all  plants  do  not  imbibe  the  very  same  food. 

The  sap  of  the  carpinus  sylvestris  contains  water, 
acetite  of  potass,  acetite  of  lime,  sugar,  mucilage,  vege- 
table extract.  It  cannot  be  doubted  that  the  sugar  and 
the  mucilage  are  the  produce  of  vegetation. 

The  sap  of  the  betula  alba,  or  common  birch,  con- 
tains water,  sugar,  vegetable  extract,  acetite  of  lime, 
acetite  of  alumina,  and  acetite  of  potass. 

These  experiments  are  curious,  and  certainly  add  to 
the  precision  of  our  notions  concerning  the  food  of 
plants  ;  but  they  are  not  numerous  enough  to  intitle  us 
to  draw  conclusions.  They  would  seem  to  shew,  either 
that  acetite  of  potass  and  lime  are  a  part  of  the  food  of 
plants,  or  at  least  some  substances  which  have  the  pro- 
perty of  assuming  these  combinations. 

2.  These  experiments  lead  to  the  conclusion  that  ace- 
tous acid  forms  a  component  part  of  the  sap.  Now  it 
is  not  easy  to  suppose  that  this  substance  is  actually  ab- 
sorbed by  the  roots  in  the  state  of  acetous  acid.  The 
thing  might  be  determined  by  examining  the  mould  in 
which  plants  grow.  This  examination  indeed  has  been 
performed,  and  the  acetites  have  been  found,  but  not 
in  any  great  quantity.  Is  it  not  probable  that  the 
food,  after  it  is  imbibed,  is  somewhat  modified  and 
altered  by  the  roots?  In  what  manner  this  is  done 
we  cannot  say,  as  we  know  very  little  about  the  vas- 
cular structure  of  the  roots.    We  may  conclude,  how-. 
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ever,  that  this  modification  is  nearly  the  same  in  most  Chap.  u. 
flants  :  for  one  plant  may  be  engrafted  on  another, 
and  each  continue  to  produce  its  own  peculiar  pro- 
ducts ;  which  could  not  be,  unless  the  proper  substan- 
ces were  conveyed  to  the  digestive  organs  of  all.  There 
are  several  circumstances,  however,  which  render  the 
modifying  power  of  the  roots  somewhat  probable.  The 
strongest  of  these  is  the  nature  of  the  ingredients  found 
in  the  sap.  It  is  even  possible  that  the  roots  may,  by 
some  means  or  other,  throw  out  again  some  part  of  the 
food  which  they  have  imbibed  as  excrementitious.  This 
has  been  suspected  by  several  physiologists,  and  there 
are  several  circumstances  which  render  it  probable.  It 
is  well  known  that  some  plants  will  not  vegetate  well 
after  others  ;  and  that  some  again  vegetate  unusually 
well  when  planted  in  ground  where  certain  plants  had 
been  growing.  These  facts,  without  doubt,  may  be  ac- 
counted for  on  other  principles.  If  there  be  any  excr'.- 
mentitious  matter  emitted  by  the  roots,  it  is  much  more 
probable  that  this  happens  in  the  last  stage  of  vegeta- 
tion. That  is  to  say,  when  the  food,  after  digestion,  is 
applied  to  the  purposes  which  the  root  requires.  But 
the  fact  ought  to  be  supported  by  experiments,  other- 
wise it  cannot  be  admitted. 

3.  The  sap,  as  Dr  Hales  has  shewn  us,  ascends  with 
a  very  considerable  force.  It  issued  during  the  bleed- 
ing season  with  such  impetuosit}'  from  the  cut  end  of  a 
vine  branch,  that  it  supported  a  column  of  mercury  32^ 
inches  high*. 

Now  what  is  the  particular  channel  through  which 
the  sap  ascends,  and  what  is  the  cause  of  the  force  with 


*  Veg.  Stat.  i.  105. 
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,Book  rv-,  which  it  moves  ?  These  are  questions  which  have  ex- 
cited a  great  deal  of  the  attention  of  those  philosophers 
who  have  made  the  physiology  of  vegetables  their  par- 
ticular study ;  but  the  examination  of  them  is  attended 
with  so  many  difficulties  that  they  are  very  far  from  be- 
ing decided. 

S*p  ascends  It  is  certain  that  the  sap  flows  from  the  roots  toi 
wards  the  summit  of  the  tree.  For  if  in  the  bleeding 
season  a  number  of  openings  be  made  in  the  tree,  the 
sap  begins  first  to  flow  from  the  lowest  opening,  then 
from  the  lowest  but  one,  and  so  on  successively,  till  at 
last  it  makes  its  appearance  at  the  highest  of  all.  And 
when  Duhamel  and  Bonnet  made  plants  vegetate  in  co- 
loured liqilors,  the  colouring  matter,  which  was  depo- 
sited in  the  wood,  appeared  first  in  the  lowest  part  of  the 
tree,  and  gradually  ascended  higher  and  higher,  till  at 
last  it  reached  the  top  of  the  tree,  and  tinged  the  very 
leaves. 

Throngh  It  seems  certain,  too,  that  the  sap  ascends  through 
the  wood,  and  not  through  the  bark  of  the  tree  :  for  a 
plant  continues  to  grow  even  when  stript  of  a  great 
part  of  its  bark  ;  which  could  not  happen  if  the  sap 
ascended  through  the  bark.  When  an  incision,  deep 
enough  to  penetrate  the  bark,  and  even  part  of  the 
wood,  is  carried  quite  round  a  branch,  provided  the 
wound  be  covered  up  from  the  external  air,  the  branch 
continues  to  vegetate  as  if  nothing  had  happened;  which 
could  not  be  the  case  if  the  sap  ascended  between  the 
bark  and  the  wood.  It  is.  well  known,  too,  that  in  the 
bleeding  season  little  or  no  sap  can  be  got  from  a  tree 
unless  our  incision  penetrate  deeper  than  the  bark. 

These  conclusions  have  been  confirmed  by  the  expe- 
riments made  lately  by  Coulomb  and  Knight.  Cou- 
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lomb  observed  that  no  sap  ever  flows  from  the  poplar    Chap.  II. 
\  till  the  tree  be  cut  nearly  to  the  centre  *.    Mr  Knight 
observed  that  coloured  infusions  always  pass  through 
the  alburnum,  and  that  whenever  the  alburnum  is  cut 
i  through  the  plant  dies  f . 

As  the  sap  is  never  found  in  the  parenchyma,  it  must  in  peculiar 
i  of  necessity  be  confined  in  particular  vessels  ;  for  if  it  ve8S^s« 
(rwere  not,  it  would  undoubtedly  make  its  appearance 
i  there.    Now  what  are  the  vessels  through  which  the 
l  sap  ascends  ? 

Grew  and  Malpighi,  the  first  philosophers  who  exa- 
mined the  structure  of  plants,  took  it  for  granted  that 
tthe  woody  fibres  were  tubes,  and  that  the  sap  ascended 
t through  them.-  For  this  reason  they  gave  these  fibres 
tthe  name  of  lymphatic  vessels.    But  they  were  unable, 
(even  when  assisted  by  the  best  microscopes,  to  detect 
:any  thing  in  these  fibres  which  had  the  appearance  of  a 
t  tube  ;  and  succeeding  observers  have  been  equally  un- 
successful.   The  conjecture  therefore  of  Malpighi  and 
•  Grew,  about  the  nature  and  use  of  these  fibres,  remains 
'.totally  unsupported  by  any  proof.    Duhamel  has  even 
|  gone  far  to  overturn  it  altogether.    For  he  found  that 
i  these  woody  fibres  are  divisible  into  smaller  fibres,  and 
these  again  into  still  smaller  ;  and  even,  by  the  assist-, 
ance  of  the  best  microscopes,  he  could  find  no  end  of 
this  subdivision  %.    Now  granting  these  fibres  to  be 
vessels,  it  is  scarcely  possible,  after  this,  to  suppose 
that  the  sap  really  moves  through  tubes,  whose  diame- 
ters are  almost  infinitely  small.    There  are,  however, 
vessels  in  plants  which  may  easily  be  distinguished  by 


*  Jour,  de  Pbyi.  xlix.  392.  f  Pbil.  Trans.  1801,  p.  336. 
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the  help  of  a  small  microscope,  and  even  in  many  cases 
by  the  naked  eye.  These  were  seen,  and  distinctly  de* 
scribed,  by  Grew  and  Malpighi.  They  consist  of  a 
fibre  twisted  round  like  a  corkscrew.  If  we  take  a 
small  cylinder  of  wood,  and  wrap  round  it  a  slender 
brass  wire,  so  closely  that  all  the  rings  of  the  wire  touch 
each  other,  and  if,  after  this,  we  pull  out  the  wooden 
cylinder  altogether,  the  brass  wire  thus  twisted  will 
give  us  a  very  good  representation  of  these  vessels.  If 
we  take  hold  of  the  two  ends  of  the  brass  wire  thus 
twisted,  and  pull  them,  we  can  easily  draw  out  the  wire 
to  a  considerable  length.  In  the  same  manner,  when 
we  lay  hold  of  the  two  extremities  of  these  vessels,  we 
can  draw  them  out  to  a  great  length.  Malpighi  and 
Grew  finding  them  always  empty,  concluded  that  they 
were  intended  for  the  circulation  of  the  air  through  the 
plant,  and  therefore  gave  them  the  name  of  trachea  ; 
which  word  is  used'  to  denote  the  windpipe  of  animals. 
These  trachea:  are  not  found  .in  the  bark  ;  but  Hedwig 
has  shewn  that  they  are  much  mors  numerous  in  the 
wood  than  was  supposed  ;  and  that  they  are  of  very 
different  diameters  ;  and  Reichel  has  demonstrated  that 
they  go  to  the  minutest  branches,  and  spread  through 
every  leaf.  He  has  shewn,  too,  that  they  contain  sap; 
and  Hedwig  has  proved  that  the  notion  which  generally 
prevailed  of  their  containing  nothing  but  air,  arose 
from  this  circumstance,  that  the  larger  trachea,  which 
alone  were  attended  to,  lose  their  sap  as  soon  as  they 
are  cut ;  and  of  course,  unless  they  are  inspected  the 
instant  they  are  divided,  they  appear  empty  *.  Is  k 
not  probable,  then,  or  rather  is  it  not  certain,  from  the. 


•  Ftmdamsnt.  FJst.  Nat.  Mutcor.  Frondes,  Part  i.  p.  54. 
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discoveries  of  that  very  ingenious  physiologist,  that    Chap.  TL  ^ 

the  trachea;  are,  in  reality,  the  sap  vessels  of  plants  ? 

Indeed  it  seems  established  by  the  experiments  both  of 

Reichel  and  Hedwig,  thai  all,  or  almost  all,  the  vessels 

of  plants  may,  if  we  attend  only  to  their  structure,  be 

denominated  trachece. 

4.  But  by  what  powers  is  the  sap  made  to  ascend  in  Its  ascen- 
sion 

these  vessels  ?  And  not  only  to  ascend,  but  to  move 

with  very  considerable  force  ;  a  force,  as  Hales  has 

shewn,  sufficient  to  overcome  the  pressure  of  43  feet 

'perpendicular  of  water  *  ? 

Grew  ascribed  this  phenomena  to  the  levity  of  the  AscrFbedto 

.  its  Icvityj 

;  sap  ;  which,  according  to  him,  entered  the  plant  in  the 

.•state  of  a  very  light  vapour.   But  this  opinion  will  not 

;bcar  the  slightest  examination.     Malpighi  supposed  Tothecon- 

tthat  the  sap  was  made  to  ascend  by  the  contraction  and  tractloaof 
r  J  air; 

•  dilation  of  the  air  contained  in  the  air  vessels.  But 
1  even  were  we  to  grant  that  the  tracheae  are  air  vessels, 
tire  sap,  according  to  this  hypothesis,  could  only  ascend 
when  a  change  of  temperature  takes  place  ;  which  is 
contrary  to  fact.  And  even  if  we  were  to  wave  every 
objection  of  that  kind,  the  hypothesis  would  not  ac- 
count for  the  circulation  of  the  sap,  unless  the  sap  ves- 
sels be  provided  with  valves.  Now  the  experiments  of 
Hales  and  Duhamel  shew  that  no  valves  can  possibly 
exist  in  them.  For  branches  imbibe  moisture  nearly 
equally  by  either  end;  and  consequently  the  sap  moves 
with  equal  facility  both  upwards  and  downwards,  which 
it  could  not  do  were  there  valves  in  the  vessels.  Be- 
sides, it  is  known,  from  many  experiments,  that  we 
may  convert  the  roots  of  a  tree  into  the  branches,  and 


*  Feget.  St  it.  i.  107. 
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Book  iv.  t;]ie  branches  into  the  roots,  by  covering  the  branches  jj 
with  earth,  and  exposing  the  roots  to  the  air.  Now 
this  would  be  impossible  if  the  sap  vessels  were  provided  ! 
with  valves.  The  same  remarks  overturn  the  hypothesis 
of  Mr  de  la  Hire,  which  is  merely  that  of  Malpighi, 
expressed  with  greater  precision,  and  with  a  greater  pa- 
rade of  mechanical  knowledge.  Like  Borelli,  he  pla- 
ced the  ascending  power  of  the  sap  in  the  parenchyma. 
But  his  very  experiments,  had  he  attended  to  them 
with  care,  would  have  been  sufficient  to  shew  the  im- 
perfection of  his  theory. 

The  greater  number  of  philosophers  (for  it  is  need- 
less to  mention  those  who,  like  Perrault,  had  recourse 
to  fermentation,  nor  those  who  introduced  the  weight 
-Tf  of  the  atmosphere)  have  ascribed  the  motion  of  the  sap 
to  capillary  attraction. 
Tocapilla-       There  exists  an  attraction  between  many  solid  bodies 
Son"™0"     anc*  liquids  ;  in  consequence  of  which,  if  these  solid 
bodies  be  formed  into  small  tubes,  the  liquid  enters 
them,  and  rises  in  them  to  a  certain  height.    But  this 
is  perceptible  only  when  the  diameter  of  the  tube  is  very 
small.    Hence  the  attraction  has  been  denominated 
capillary.    We  know  that  there  is  such  an  attraction 
between  vegetable  fibres  and  watery  liquids ;  for  such 
liquids  will  ascend  through  dead  vegetable  matter.  It 
is  highly  probable,  therefore,  that  the  food  of  plants 
enters  the  foots,  in  consequence  of  the  capillary  attrac- 
tion which  subsists  between  the  sap  vessels  and  the  li- 
quid imbibed.    This  species  of  attraction,  then,  will  ac- 
count perfectly  well  for  the  entrance  of  moisture  into 
the  mouths  of  the  sap  vessels  :  But  will  it  account  also, 
as  some  have  supposed,  for  the  ascent  of  the  sap,  and 
for  the  great  force  with  which  it  ascends  ? 
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The  nature  and  laws  of  capillary  attraction  have  Chap.lL 
been  very  much  overlooked  by  philosophers.    But  we  v 
know  enough  concerning  it  to  enable  us  to  decide 
the  present  question.    It  consists  in  a  certain  attrac- 
tion between  the  particles  of  the  liquid  and  of  the  tube. 
It  has  been  demonstrated,  that  it  does  not  extend,  or  at 
Meast  that  it  produces  no  sensible  effect,  at  greater  dis- 
tances than         Part  °f  an  inch.    It  has  been  demon- 
>str.ited,  that  the  water  ascends,  not  by  the  capillary  at- 
t traction  of  the  whole  tube,  but  of  a  slender  film  of  it; 
■  and  Clairaut  has  shewn  that  this  film  is  situated  at  the 
Howermost  extremity  of  the  tube  *.    This  film  attracts 
tthe  liquid  with  a  certain  force ;  and  if  this  force  be  greater 
1  than  the  cohesion  between  the  particles  of  the  liquid, 
jpart  enters  the  tube,  and  continues  to  enter,  till  the 
(quantity  above  the  attracting  film  of  the  tube  just  equals, 
I  by  its  weight,  the  excess  of  the  capillary  attraction  be- 
ttween  the  tube  and  the  liquid,  above  the  cohesion  of 
l  the  liquid.    The  quantity  of  water,  therefore,  in  the 
I  tube  is  pretty  nearly  the  measure  of  this  excess ;  for  the 
.  attracting  film  is  probably  very  minute. 

It  has  been  demonstrated,  that  the  heights  to  which  But  wItj,_ 
I  liquids  rise  in  capillary  tubes,  are  inversely  as  the  dia-  out  reaswa 
meter  of  the  tube.    Consequently  the  smaller  the  dia- 
meter of  the  tube,  the  greater  is  the  height  to  which 
the  liquid  will  rise.    But  the  particles  of  water  are  not 
infinitely  small ;  therefore  whenever  the  diameter  of  the 


*  The  action  of  all  the  other  films,  of  which  the  tube  is  composed,  on 
the  water,  as  far  as  it  is  measured  by  its  effect,  is  nothing  at  all.  For 
every  particle  of  water  in  the  tube  (except  those  attracted  by  the  under- 
most film)  is  attracted  upwards  and  downwards  by  the  same  number  of 
films :  it  is  therefore  precisely  in  the  same  state  as  if  it  were  not  attracted 
at  all. 
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tube  is  diminished  beyond  a  certain  size,  water  cannof  | 
ascend  in  it,  because  its  particles  are  now  larger  than 
the  bore  of  the  tube.  Consequently  the  rise  of  water 
in  capillary  tubes  must  have  a  limit  :  if  they  exceed  a 
certain  length,  how  small  soever  their  bore  may  be,  wa- 
ter will  either  not  rise  to  the  top  of  them,  or  it  will  not 
enter  them  at  all.  We  have  no  method  of  ascertaining  | 
the  precise  height  to  which  water  would  rise  in  a  ca- 
pillary tube,  whose  bore  is  just  large  enough  to  admit  a 
single  particle  of  water*  Therefore  we  do  not  know 
the  limit  of  the  height  to  which  water  may  be  raised 
by  capillary  attraction.  But  whenever  the  bore  is  di- 
minished beyond  a  certain  size,  the  quantity  of  water 
which  rises  in  it  is  too  small  to  be  sensible.  "VVe  can 
easily  ascertain  the  height  which  water  cannot  exceed 
in  capillary  tubes  before  this  happens  ;  and  if  any  per- 
son calculate,  he  will  find  that  this  height  is  not  nearly- 
equal  to  the  length  of  the  sap  vessels  of  many  plants. 
But  besides  all  this,  we  see  in  many  plants  very  long 
sap  vessels,  of  a  diameter  too  large  for  a  liquid  to  rise 
in  them  a  single  foot  by  capillary  attraction,  and  yet  the 
sap  rises  in  them  to  very,  great  heights. 

If  any  person  says  that  the  sap  vessels  of  plants  gra- 
dually diminish  in  diameter  as  they  ascend  \  and  that, 
in  consequence  of  this  contrivance,  they  act  precisely 
as  an  indefinite  number  of  capillary  tubes,  one  standing 
upon  another,  the  inferior  serving  as  a  reservoir  for 
the  superior — I  answer,  that  the  sap  may  ascend  by 
that  means  to  a  considerable  height ;  but  certainly  not 
in  any  greater  quantity  than  if  the  whole  sap  vessel  had 
been  precisely  of  the  bore  of  its  upper  extremity  j  for 
the  quantity  of  sap  raised  must  depend  upon  the  bore 
of  the  upper  extremity,  because  it  must  all  pass  through 
that  extremity. 
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But  farther,  if  the  sap  moved  only  in  the  vessels  of  Chap.  11. 
plants  by  capillary  attraction,  it  would  be  so  far  from 
1  flowing  out  at  the  extremity  of  a  branch,  with  a  force 
sufficient  to  overcome  the  pressure  of  a  column  of  water 
.  43  feet  high,  that  it  could  not  flow  out  at  all.  It  would 
t  be  impossible  in  that  case  for  any  such  thing  as  the 
£  bleeding  of  trees  ever  to  happen. 

If  we  take  a  capillary  tube,  of  such  a  bore  that  a 
1  liquid  will  rise  in  it  six  inches,  and  after  the  liquid  has 
1  risen  to  its  greatest  height,  break  it  short  three  inches 
tfrom  the  bottom,  none  of  the  liquid  in  the  under  half 
i flows  over.    The  tube,  thus  shortened,  continues  in- 
ddeed  full,  but  not  a  single  particle  of  liquid  ever  escapes 
ffrom  it.    And  how  is  it  possible  for  it  to  escape  ?  The 
ffilm,  at  the  upper  extremity  of  the  tube,  must  certainly 
ihave  as  strong  an  attraction  for  the  liquid  as  the  film 
:at  the  lower  extremity.    As  part  of  the  liquid  is  within 
iits  attracting  distance,  and  as  there  is  no  part  of  the 
ttube  above  to  counterbalance  this  attraction,  it  must  of 
^necessity  attract  the  liquid  nearest  it,  and  with  a  force 
(Sufficient  to  counterbalance  the  attraction  of  the  under- 
rmost  film,  how  great  soever  we  may  suppose  it.  Of 
rcourse  no  liquid  can  be  forced  up,  and  consequently 
mone  can  flow  out  of  the  tube.    Since  then  the  sap 
Wows  out  at  the  upper  extremity  of  the  sap  vessels  of 
■plants,  we  are  absolutely  certain  that  it  does  not  ascend 
;n  them  merely  by  its  capillary  attraction,  but.that  there 
is  some  other  cause. 

It  is  impossible  therefore  to  account  for  the  motion 
'if  the  sap  in  plants  by  any  mechanical  or  chemical 
■  principles  whatever;  and  he  who  ascribes  it  to  these  prin- 
ciples has  not  formed  to  himself  any  clear  or  accurate 
conception  of  the  subject.    We  know  indeed  that  heat 
Vol.  IV.  S 
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,Booklv-,  is  an  agent;  for  Dr  Walker  found  that  the  ascent  of 
the  sap  is  much  promoted  by  heat,  and  that  after  it  had 
begun  to  flow  from  several  incisions,  cold  made  it  give 
over  flowing  from  the  higher  orifices  while  it  con- 
tinued to  flow  at  the  lower  *.  But  this  cannot  be 
owing  to  the  dilating  power  of  heat ;  for  unless,  the  sap 
vessels  of  plants  were  furnished  with  valves  (and  they 
have  no  valves),  dilatation  would  rather  retard  than 
promote  the  ascent  of  the  sap.  Consequently  the  effect 
of  heat  can  give  us  no  assistance  in  explaining  the  ascent 
of  the  sap  upon  mechanical  and  chemical  principles. 
We  must  therefore  ascribe  it  to  some  other  cause 
The  vessels  the  vessels  themselves  must  certainly  act.  Many  philo- 
sophers have  seen  the  necessity  of  this,  and  have  accord- 
ingly ascribed  the  ascent  of  the  sap  to  irritability.  But 
the  first  person  who  gave  a 'precise  view  of  the  manner 
in  which  the  vessels  probably  act  was  Saussure.  He 
supposes  that  the  sap  enters  the  open  mouths  of  the 
vessels,  at  the  extremity  of  the  roots  ;  that  these  mouths 
then  contract,  and  by  that  contraction  propel  the  sap 
,  upwards  ;  that  this  contraction  gradually  follows  the 
sap,  pushing  it  up  from  the  extremity  of  the  root  to  the 
summit  of  the  plant.  In  the  mean  time  the  mouths 
are  receiving  new  sap,  which  in  the  same  manner  is 
pushed  upwards  f.  Whether  we  suppose  the  contrac- 
tion to  take  place  precisely  in  this  manner  or  not,  we 
can  scarcely  deny  that  it  must  take  place ;  but  by  what 
means  it  is  impossible  at  present  to  say.  The  agents 
cannot  precisely  resemble  the  muscles  of  animals ;  be- 
cause the  whole  tube,  however  cut  or  maimed,  still  re- 
tains its  contracting  power,  and  because  the  contraction 


f  Encycl.  Metb,  Phyt.  Vcgct.  p.  367. 
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is  performed  with  equal  readiness  in  every  direction  *.  ,chaP- 
It  is  evident,  however,  that  they  must  be  the  same 
in  kind.  Perhaps  the  particular  structure  of  the  vessels 
may  fit  them  for  their  office.  Does  ring  after  ring  con- 
tract its  diameter  ?  The  contracting  agents,  whatever 
they  are,  seem  to.be  excited  to  act  by  some  stimulus 
communicated  to  them  by  the  sap.  This  capacity  of 
being  excited  to  action  is  known  in  physiology  by  the 
name  of  irritability  ;  and  there  are  not  wanting  proofs 
,  that  plants  are  possessed  of  it.  It  is  well  known  that 
.different  parts  of  plants  move  when  certain  substances 
act  upon  them.  Thus  the  flowers  of  many  plants  open 
at  sunrise,  and  close  again  at  night.  Linnaeus  has  given 
us  a  list  of  these  plants.  Des  Fontaines  has  shewn  that 
the  stamina  and  antherae  of  many  plants  exhibit  distinct 
motions  f.  Dr  Smith  has  observed,  that  the  stamina  of 
the  barberries  are  thrown  into  motions  when  touched  J. 
Roth  has  ascertained  that  the  leaves  of  the  drosera 
longifolia  and  rotundifolia  have  the  same  property.  Mr 
Coulon,  too,  who  has  adopted  the  opinion  that  the 
motion  of  the  sap  in  plants  is  produced  by  the  contrac- 
tion of  vessels,  has  even  made  a  number  of  experiments 
in  order  to  shew  this  contraction.  But  the  fact  is,  that 
every  one  has  it  in  his  power  to  make  a  decisive  expe- 


•  *  Mr  Knight  thinks  it  probable  that  the  sap  is  propelled  by  the  con- 
traction and  expansion  of  what  is  called  by  carpenters  thcsil-ver  grain  of 
the  wood,  between  the  laminae  of  which  the  vessels  run-  (  Pb,l.  T ram. 
1801,  p.  344.)  By  silver  grain  is  meant  those  thin  longitudinal  fibrei, 
diverging  in  every  direction  from  the  pith,  and  composed  of  the  lymphatic 
vessels  of  Grew  and  Malpighi.  I  do  not  see  how  the  contraction  of  these 
laminae  could  propel  the  sap  through  the  sap  vessels,  destitute  as  they 
are  of  valves,  unless  it  were  a  contraction  precisely  similar  to  what 
Saussure  supposed  to  take  place  in  the  sap  vessels, 
f  Mim.  Par.  1787.  \  Phil.  TViw.lxxviii. 
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riment.  Simply  cutting  a  plant,  the  euphorbia  pcplis 
for  instance,  in  two  places,  so  as  to  separate  a  portion 
of  the  stem  from  the  rest,  is  a  complete  demonstration 
that  the  vessels  actually  do  contract.  For  whoever 
makes  the  experiment,  will  find  that  the  milky  juice  of 
that  plant  flows  out  at  both  ends  so  completely,  that  if 
afterwards  we  cut  the  portion  of  the  stem  in  the  middle^ 
no  juice  whatever  appears.  Now  it  is  impossible  that 
these  phenomena  could  take  place  without  a  contrac- 
tion of  the  vessels  j  for  the  vessels  in  that  part  of  the 
stem  which  has  been  detached  cannot  have  been  more 
than  full ;  and  their  diameter  is  so  small,  that  if  it  were 
to  continue  unaltered,  the  capillary  attraction  would  be 
more  than  sufficient  to  retain  their  contents,  and  con- 
sequently not  a  drop  would  flow  out.  Since,  therefore, 
the  whole  liquid  escapes,  it  must  be  driven  out  forcibly, 
and  consequently  the  vessels  must  contract. 

It  seems  pretty  plain,  too,  that  the  vessels  are  excited 
to  contract  by  various  stimuli ;  the  experiments  of 
Coulon  and  Saussure  render  this  probable,  and  an  ob- 
servation of  Dr  Smith  Barton  makes  it  next  to  certain. 
He  found  that  plants  growing  in  water  vegetated  with 
much  greater  vigour,  provided  a  little  camphor  was 
thrown  into  the  water  * . 


*  Ann.  di  Cbim.  XxiiL  63. 
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SECT.  V. 

FUNCTIONS  OF  THE  LEAVES  DURING  THE  PAY. 

It  has  been  ascertained  that  the  sap  ascends  to  the 

leaves,  that  there  it  undergoes  certain  alterations,  and 

is  converted  into  another  fluid  called  the  succus  propri-  Peculiar 

.  juice  form 

us,  or  peculiar  juice  ;  which,  like  the  blood  in  animals,  ed  by  the 

•  leaves 
is  afterwards  employed  in  forming  the  various  substan- 
ces found  in  plants.  Now  the  changes  which  the  sap 
undergoes  in  the  leaves,  provided  we  can  trace  them, 
must  throw  a  great  deal  of  light  upon  the  nature  of  ve- 
getation. These  changes  are  produced  in  part  during 
the  day,  in  part  during  the  night.  As  the  functions 
of  the  leaves  during  the  day.  are  very  different  from 
what  they  are  during  the  night,  it  will  be  proper  to  con- 
sider them  separately.  In  the  present  Section,  let  us  en- 
deavour to  trace  the  actions  of  the  leaves  during  the 
day,  reserving  the  consideration  of  their  other  functions 
to  the  next  Section. 

I.  No  sooner  has  the  sap  arrived  at  the  leaves,  than  a  Part  of  tn 

sap  trans- 
great  part  of  it  is  thrown  off  by  evaporation.  pires. 

1.  The  quantity  thus  perspired  bears  a  very  great  pro- 
portion to  the  moisture  imbibed.  Mr  Woodward  found  Itsquan- 
that  a  sprig  of  mint  in  77  days  imbibed  2558  grains  of 
water,  and  yet  its  weight  was  only  increased  15  grains*; 
therefore  it  must  have  given  out  2543  grains.  Another 
branch,  which  weighed  127  grains,  increased  in  weight 
128,  and  it  had  imbibed  14190  grains.    Another  sprig, 


tity. 


*  Phil.  Tram.  No.  ccliii, 
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,Bo°k  1V,J  weighing  76  grains,  growing  in  water  mixed  with  earth, 
increased  in  weight  168  grains,  and  had  imbibed  10731 
grains  of  water.  These  experiments  demonstrate  the 
great  quantity  of  matter  which  is  constantly  leaving  the 
plant.  Dr  Hales  found  that  a  cabbage  transmitted  daily 
a  quantity  of  moisture  equal  to  about  half  its  weight ; 
and  that  a  sun  flower,  three  feet  high,  transmitted  in  a 
day  lib.  14  oz.  avoirdupoise  *.  He  shewed,  that  the 
quantity  of  transpiration  in  the  same  plant  was  propor- 
tional to  the  surface  of  the  leaves,  and  that  when  the 
leaves  were  taken  off,  the  transpiration  nearly  ceased  f. 
By  these  observations,  he  demonstrated  that  the  leaves 
are  the  organs  of  transpiration.  He  found,  too,  that 
the  transpiration  was  nearly  confined  to  the  day,  very 
little  taking  place  during  the  night  J  ;  that  it  was  much 
promoted  by  heat,  and  stopped  by  rain  and  frost  {. 
And  Millar  || ,  Guettard  ^f,  and  Sennebier,  have  shewn 
that  the  transpiration  is  also  very  much  promoted  by 
sunshine. 

The  quantity  of  moisture  imbibed  by  plants  depends 
very  much  upon  what  they  transpire  :  The  reason  is 
evident :  when  the  vessels  are  once  filled  with  sap,  if 
/  none  be  carried  off,  no  more  can  enter;  and,  of  course, 
the  quantity  which  enters  must  depend  upon  the  quan- 
tity emitted. 

Nature  of        2.  In  order  to  discover  the  nature  of  the  transpired 
fed  natter,   matter,  Hales  placed  plants  in  large  glass  vessels,  and 
by  that  means  collected  a  quantity  of  it  **.    He  found 
that  it  resembled  pure  water  in  every  particular,  except- 


*  Vcget.  Stat  i.  5.  and  15. 
§  Ibid.  27.  and  48. 
**Viget.  Stot.L  49. 


t  Ihid.  30. 
||  Ibid.  22- 


J  Ibid.  5. 

]  Mem.  Par.  1748. 
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ing  only  that  it  sometimes  had  the  odour  of  the  plant.     Chap.  n. 
He  remarked,  too,  as  Guettard  and  Du  Hamel  did  af- 
ter him,  that  when  kept  for  some  time  ic  putrefied,  or 
at  least  acquired  a  stinking  smell.    Sennebier  subjected 
a  quantity  of  this  liquid  to  a  chemical  analysis. 

He  collected  13030  grains  of  it  from  a  vine  during 
the  months  of  May  and  June.  After  filtration  he  gra- 
dually evaporated  the  whole  to  dryness.  There  remain- 
ed behind  two  grains  of  residuum.  These  two  grains 
consisted  of  nearly  4.  grain  of  carbonat  of  lime,  ^th 
grain  of  sulphat  of  lime,  -£  grain  of  matter  soluble  in 
watej-,  and  having  the  appearance  of  gum,  and  ±  grain 
of  matter  which  was  soluble  in  alcohol,  and  apparently 
resinous.  He  analysed  60768  grains  of  the  same  liquid, 
collected  from  the  vine  during  the  months  of  July  and 
August.  On  evaporation  he  obtained  2^  grains  of  re- 
siduum, composed  of  -|.  grain  of  carbonat  of  lime,  ^ 
grain  of  sulphat  of  lime,  4.  grain  of  mucilage,  and  4- 
grain  of  resin.  The  liquid  transpired  by  the  aster  novce 
Anglice  afforded  precisely  the  same  ingredients  *. 

3.  Sennebier  attempted  to  ascertain  the  proportion  proportion 
which  the  liquid  transpired  bore  to  the  quantity  of  ^^^j'" 
moisture  imbibed  by  the  plant.  But  it  is  easy  to  see  that  sorbai. 
such  experiments  are  liable  to  too  great  uncertainties  to 
be  depended  on.  His  method  was  as  follows  :  He  plun- 
ged the  thick  end  of  the  branch  on  which  he  made  the 
experiment  into  a  bottle  of  water,  while  the  other  end, 
containing  all  its  leaves,  was  thrust  into  a  very  large 
glass  globe.    The  apparatus  was  then  exposed  to  the 
6unshine.    The  quantity  imbibed  was  known  exactly 
by  the  water  which  disappeared  from  the  bottle,  and 


*  Eneyc.  Method.  Flyt.  Veget.  287. 
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the  quantity  transpired  was  judged  of  by  the  liquid 
which  condensed  and  trickled  down  the  sides  of  the 
glass  globe.  The  following  Table  exhibits  the  result  of 
his  experiments : 


Plants.  Imbibed. 

Peach  100  gr. 

Ditto  210  .  . 

Ditto  220  .  , 

Mint  200  .  . 

Ditto  .....  575  .  . 

Rasp  725  .  . 

Ditto  ....   1232  .  . 

Peach  710  .  , 

Apricot  ....  210  .  . 


Perspired. 

•  35  gr- 
.  90 

120 

90 

120 

560 

765 
295 

180 


Timt 


2  day! 
10 
2 
2 
1 
1 


In  some  of  his  experiments  no  liquid  at  all  was  con- 
densed. Hence  it  is  evident  that  the  quantity  of  mat-  : 
ter  transpired  cannot  be  deduced  from  these  experi-  . 
ments.  The  mouth  of  the  glass  globe  does  not  seem 
to  have  been  accurately  closed  ;  the  air  within  it  com- 
municated with  the  external  air ;  consequently  the 
quantity  condensed  must  have  depended  entirely  upon 
the  state  of  the  external  air,  the  heat,  &c. 

4.  The  first  great  change,  then,  which  takes  place  upon 
the  sap  after  it  arrives  at  the  leaves,  is  the  evapora- 
tion of  a  great  part  of  it  ;  consequently  what  remains 
must  be  very  different  in  its  proportions  from  the  sap. 
Peculiar  or-  The  leaves  seem  to  have  particular  organs  adapted  for 
pTratfonanS"  Growing  off  part  of  the  sap  by  transpiration.  For  the 
experiments  of  Guettard  *,  Duhamel  f,  and  Bonnet  J. 


*  Mem.  Tar.  1749.  f  Fbytiquc  des  Arbrcs,  i.  158. 

J  T raite  des  Fcuillei  I .  Mem. 
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shew  that  it  is  performed  chiefly  by  the  upper  surfaces    Chap  11.^ 
of  leaves,  and  may  be  nearly  stopped  altogether  by  var- 
nishing the  upper  surface. 

The  leaves  of  plants  become  gradually  less  and  less  why  the 
fit  for  this  transpiration  ;  for  Sennebier  found  that  when  j,CjfJe8 
all  other  things  are  equal,  the  transpiration  is  much 
greater  in  May  than  in  September*.  Hence  the  rea- 
son that  the  leaves  are  renewed  annually.  Their  or- 
gans become  gradually  unfit  for  performing  their  func- 
tions, and  therefore  it  is  necessary  to  renew  them.  Those 
trees  which  retain  their  leaves  during  the  winter,  were 
found  by  Hales  and  succeeding  physiologists  to  trans- 
pire less  than  others.  It  is  now  well  known  that  these 
trees  also  renew  their  leaves. 

II.  Leaves  have  also  the  property  of  absorbing  car-  Leaves ab- 
bonic  acid  gas  fiom  the  atmosphere.  nklacid!>0" 

1.  We  are  indebted  for  this  very  important  discovery 
to  the  experiments  of  Dr  Priestley.  It  has  been  long 
known  that  when  a  candle  has  been  allowed  to  burn  out 
in  any  quantity  of  air,  no  candle  can  afterwards  be  made 
to  burn  in  it.  In  the  year  1771  Dr  Priestly  made  a 
sprig  of  mint  vegetate  for  ten  days  in  contact  with  a 
quantity  of  such  air  ;  after  which  he  found  that  a 
candle  would  burn  in  it  perfectly  well  f .  This  experi- 
ment he  repeated  frequently,  and  found  that  it  was  al- 
ways attended  with  the  same  result.  According  to  the 
opinion  at  that  time  univei sally  received,  that  the  burn- 
ing of  candles  rendered  air  impure  by  communicating 
phlogiston  to  it,  he  concluded  from  it,  that  plants,  while 
they  vegetate,  absorb  phlogiston. 

Carbonic  acid  gas  was  at  that  time  supposed  to  con- 


*  En(y.  Metb.  Vegct.  285. 
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tain  phlogiston.  It  was  natural,  therefore,  to  suppose 
that  it  would  afford  nourishment  to  plants,  since  they 
had  the  property  of  absorbing  phlogiston  from  the  at- 
mosphere. Dr  Percival  had  published  a  set  of  experi- 
ments ;  by  which  he  endeavoured  to  shew  that  this  was 
actually  the  case. 

These  experiments  induced  Dr  Priestley,  in  1776, 
to  consider  the  subject  with  more  attention.  But  as,  in 
all  the  experiments  which  he  made,  the  plants  confined, 
in  carbonic  acid  gas  very  soon  died,  he  concluded  that 
carbonic  acid  gas  was  not  a  food,  but  a  poison  to  plants  *. 
Mr  Henry  of  Manchester  was  led,  in  1784,  probably, 
by  the  contrariety  of  these  results,  to  examine*  the  sub- 
ject. His  experiments,  which  were  published  in  the 
Manchester  Transactions  f,  perfectly  coincided  with 
those  of  Dr  Percival.  For  he  found  that  carbonic  acid 
gas,  so  far  from  killing  plants,  constantly  promoted 
their  growth  and  vigour.  Meanwhile  Mr  Sennebier 
was  occupied  at  Geneva  with  the  same  subject ;  and  he 
published  the  result  of  his  researches  in  his  Memoir es 
Physico-Chymique  about  the  year  1780.  His  experi- 
ments shewed,  in  the  clearest  manner,  that  carbonic  acid 
gas  is  used  by  plants  as  food.  The  same  thing  was  sup- 
ported by  Ingenhousz  in  his  second  volume.  1  he  ex- 
periments of  Saussure  Junior,  published  in  1797,  have 
at  last  put  the  Subject  beyond  the  reach  of  dispute. 
From  a  careful  comparison  of  the, experiments  of  these 
philosophers,  it  will  not  be  difficult  for  us  to  discover 
the  various  phenomena,  and  to  reconcile  all  the  seeming 
contradictions  which  occur  in  them.  The  facts  arc  as 
follows  : 


*  On  Air,  1  100. 
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2.  Mr  Saussure  has  shewn  that  plants  will  not  vege-  ,  chaP • 
tate  when  totally  deprived  of  carbonic  acid  gas.    They  Plants  do 

v  vegetate  indeed  well  enough  in  air  which  has  been  pre-  ^ 
viously  deprived  of  carbonic  acid  gas  ;  but  when  a  quan-  ^^P8  bo 
I  tity  of  lime  was  put  into  the  glass  vessel  which  contain- 
ed them,  they  no  longer  continued  to  grow,  and  the 
de,aves  in  a  few  days  fell  off*.  The  air,  when  exami- 
ned, was  found  to  contain  no  carbonic  acid  gas.  The 
reason  of  this  phenomenon  is,  that  plants  (as  we  shall 
:see  afterwards)  have  the  power  of  forming  and  giving 
tout  carbonic  acid  in  certain  circumstances  ;  and  this 
qquantity  is  sufficient  to  continue  their  vegetation  for  a 
ccertain  time.  But  if  this  new  formed  gas  be  also  with- 
drawn, by  quicklime  for  instance,  which  absotbs  it  the 
iinstant  it  appears,  the  leaves  droop,  and  refuse  to  per- 
tform  their  functions.  Carbonic  acid  gas,  then,  applied 
tto  the  leaves  of  plants,  is  essential  to  vegetation. 

3.  Dr  Priestley,  to  whom  we  are  indebted  for  many  Leavcsemit 
cof  the  most  important  facts  relative  to  vegetation,  ob-  oxygcn  SM 
sserved,  in  the  year  1778,  that  plants,  in  certain  circum- 
stances, emitted  oxygen  gasf  ;  and  Ingenhousz  very 

>soon  after  discovered  that  this  gas  is  emitted  by  the 
Heaves  of  plants,  and  only  when  they  are  exposed  to  the 
1  bright  light  of  day.    His  method  was  to  plunge  the 
i  leaves  of  different  plants  into  vessels  full  of  water,  and 
;  then  expose  them  to  the  sun,  as  Bonnet,  who  had  ob- 
served the  same  phenomenon,  though  he  had  given  a 
wrong  explanation  of  it,  had  done  before  him.  Bub- 
'  bles  of  oxygen  gas  very  soon  detached  themselves  from 
the  leaves,  and  were  collected  in  an  inverted  glass  ves- 
sel X •    He  observed,  too,  that  it  was  not  a  matter  of 


*  Ann.  dc  Cbim.  xxiv.  14J.  148.  f  On  Air,  Hi.  284. 
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indifference  what  kind  of  water  was  used.  If  the  wa- 
ter, for  instance,  had  been  previously  boiled,  little  or 
no  oxygen  gas  escaped  from  the  leaves  ;  river  water  af- 
forded but  little  gas  j  but  pump  water  was  the  most 
productive  of  all  *. 

4.  Sennebier  proved,  that  if  the  water  be  previously 
deprived  of  all  its  air  by  boiling,  the  leaves  do  not  emit 
a  particle  of  air  ;  that  those  kinds  of  water  which  yield 
most  air,  contain  in  them  the  greatest  quantity  of  car- 
bonic acid  gas ;  that  leaves  do  not  yield  any  oxygen 
when  plunged  in  water  totally  destitute  of  carbonic  acid 
gas  ;  that  they  emit  it  abundantly  when  the  water,  ren- 
dered unproductive  by  boiling,  is  impregnated  with  car-, 
bonic  acid  gas  ;  that  the  quantity  of  oxygen  emitted, 
and  even  its  purity,  is  proportional  to  the  quantity  of 
carbonic  acid  gas  which  the  water  contains  ;  that  water 
impregnated  with  carbonic  acid  gas  gradually  loses  the 
property  of  affording  oxygen  gas  with  leaves  ;  and  that 
whenever  this  happens,  all  the  carbonic  acid  gas  has  dis- 
appeared ;  and  on  adding  more  carbonic  acid  gas  the 
property  is  renewed-}-.  These  experiments  prove,  in  a 
most  satisfactory  manner,  that  the  oxygen  gas  which 
the  leaves  of  plants  emit  depends  upon  the  presence  of 
carbonic  acid  gas  ;  that  the  leaves  absorb  carbonic  acid 
gas,  decompose  it,  give  out  the  oxygen,  and  retain  the 
carbon. 

5.  We  now  see  why  plants  will  not  vegetate  without 
carbonic  acid  gas.  They  absorb  it  and  decompose  it ; 
but  this  process  goes  on  only  when  the  plants  are  ex- 
posed to  the  light  of  day.  Therefore  we  may  con- 
clude that  the  absorption  and  decomposition  of  carbo- 


#  Ingenhousz  on  Veget.  i.  83. 
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nic  acid  gas  is  confined  to  the  day,  and  that  light  is  an   ^hap.  IL^ 
rssential  agent  in  the  decomposition.   Probably  it  is  by 
its  agency,  or  by  its  entering  into  combination  with  the 
>xygen,  that  this  substance  is  enabled  to  assume  the  ga- 
seous form,  and  to  separate  from  the  carbon. 

If  we  reason  from  analogy,  we  shall  conclude  that 
luring  this  process  a  quantity  of  caloric  is  necessary  ; 
ind  that  therefore  no  increase  of  temperature  takes 
jlace,  but  rather  the  contrary.  This  may  be  one  rea- 
son why  the  operation  takes  place  only  during  the  day. 
6.  It  is  extremely  probable  that  plants  by  this  pro-  Plants  th'u 

way  ac- 
cess acquire  the  greatest  part  of  the  carbonaceous  mat-  qu;re  much 

>:er  which  they  contain  ;  for  if  we  compare  the  quantity 
if  carbon  contained  in  plants  vegetating  in  the  dark, 
where  this  process  cannot  go  on,  with  the  quantity 
vhich  those  plants  contain  which  vegetate  in  the  usual 
manner,  we  shall  perceive  a  very  conspicuous  difference. 

haptal  found  that  a  byssus,  which  was  vegetating  in 
/he  dark,  contained  only      of  its  weight  of  carbona- 
:  :eous  matter  ;  but  the  same  plant,  after  being  made  to 
/egetate  in  the  light  for  30  days,  contained      of  its 
.veight  of  carbonaceous  matter  *.    Hassenfratz  ascer- 
tained, that  plants  growing  in  the  dark  contain  much 
more  water,  and  much  less  carbon  and  hydrogen,  than 
plants  growing  in  the  light.    Sennebier  analysed  both 
with  the  same  result.     Plants  growing  in  the  dark 
yielded  less  hydrogen  gas  and  oil :  their  resinous  mat- 
ter was  to  that  of  plants  growing  in  the  light  as  2  to 
55.5,  and  their  moisture  as  13  to  6 ;  they  contain  even 
one-half  less  of  fixed  matters. 

It  is  evident,  however,  that  this  absorption  and  de- 


*  Mem.  Par.  1 786. 
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composition  of  carbonic  acid  gas  does  not  depend  upon 
the  light  alone.  The  nature  of  the  sap  has  also  its  in- 
fluence ;  for  Hassenfratz  found,  that  the  quantity  of 
carbon  did  not  increase  when  plants  vegetated  in  pure 
water.  Here  the  sap  seems  to  have  wanted  that  part 
which  combines  with  and  retains  the  carbon  ;  and  which 
therefore  is  by  far  the  most  important  part  of  the  food 
of  plants.  Upon  the  discovery  and  mode  of  applying 
this  substauce,  whatever  it  is,  the  improvements  in  a- 
griculture  must  in  a  great  measure  depend. 

If  we  consider  the  difference  in  the  proportion  of 
carbonaceous  matter  in  plants  vegetating  in  the  dark, 
and  in  the  usual  manner,  we  can  scarcely  avoid  conclu- 
ding that  the  quantity  of  carbonic  acid  gas  absorbed  by 
plants  is  considerable.  To  form  an  estimate  of  it,  would 
require  a  set  of  experiments  performed  in  a  very  diffe- 
rent manner  from  any  hitherto  made.  The  stems  and 
branches  of  plants  vegetating  in  a  rich  soil  should  be 
confined  within  a  large  glass  globe,  the  inside  of  which 
ought  to  have  no  communication  with  the  external  air. 
A  very  small  stream  of  carbonic  acid  gas  should  be 
made  occasionally  to  flow  into  this  globe,  so  as  to  sup- 
ply the  quantity  that  may  appear  necessary  ;  and  there 
should  be  a  contrivance  to  carry  off  and  examine  the 
air  within  the  globe  when  it  increases  beyond  a  cer- 
tain quantity.  Experiments  conducted  in  this  manner 
would  probably  throw  a  great  deal  of  light  upon  this 
part  of  vegetation,  and  enable  us  to  calculate  the  quan- 
tity of  carbonic  acid  decomposed,  and  the  quantity  of 
oxygen  emitted  by  plants  ;  to  compare  these  with  the 
waste  of  oxygen  by  the  respiration  of  animals  and 
combustion,  and  to  see  whether  or  not  they  balance 
each  other. 


FUNCTIONS  OF  THE  LEAVES.  287 

*j.  Sennebier  has  ascertained,  that  the  decomposition    Chap,  ll.  ^ 

of  the  carbonic  acid  takes  place  in  the  parenchyma.  Thedccomj 

He  found,  that  the  epidermis  of  a  leaf  would,  when  se-  performed 

parated,  give  out  no  air,  neither  would  the  nerves  in  bythcpa- 
"  '  0  '  rencnyma. 

the  same  circumstances  ;  but  upon  trying  the  paren- 
tchyma,  thus  separated  from  its  epidermis  and  part  of 
1  its  nerves,  it  continued  to  give  out  oxygen  as  before  *. 
:He  remarked  also,  that  every  thing  else  being  equal, 
;  the  quantity  of  oxygen  emitted,  and  consequently  of  car- 
tbonic  acid  decomposed,  is  proportional  to  the  thickness 
tof  the  leaf;  and  this  thickness  depends  upon  the  quan- 
ttity  of  parenchyma. 

That  the  decomposition  is  performed  by  peculiar  or- 
igans, is  evident  from  an  experiment  of  Ingenhousz. 
ILeaves  cut  into  small  pieces  continued  to  give  out  oxy- 
£gen  as  before  ;  but  leaves  pounded  in  a  mortar  lost  the 
jproperty  entirely.  In  the  first- state,  the  peculiar  struc- 
ture remained ;  in  the  other,  it  was  destroyed.  Cer- 
ttain  experiments  of  Count  Rumford,  indeed,  are  totally 
iincompatible  with  this  conclusion  ;  and  they  will  natu- 
rrally  occur  to  the  reader  as  an  unsurmountable  objec- 
ttion.  He  found,  that  dried  leaves,  black  poplar,  fibres 
cof  raw  silk,  and  even  glass,  when  plunged  into  water, 
£gave  out  oxygen  gas  by  the  light  of  the  sun.  But  when 
SSennebier  repeated  these  experiments,  not  one  of  them 
vwould  succeed  f .  The  Count  must  have  been  misled 
\bj  something  which  he  has  not  mentioned; 

Such  are  the  operations  performed  by  the  leaves  du- 
ring the  day.    They  seem  in  some  measure  to  depend 
;upon  the  action  of  light ;  for  they  never  take  place  ex- 


*  tLncyc.  Method.  Physiol.  Vcgtt.  180. 
f  Ann.de  Chim,  i.  11$. 
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ccpt  when  the  leaves  are  exposed  to  the  influence  of 
light. 

Green  co-  III.  The  green  colour  of  plants  is  owing  entirely  to 
ducc-JTby  their  vegetating  in  the  light ;  for  when  they  vegetate  in 
the  light.  the  dark  they  are  white ;  and  when  exposed  to  the  light 
they  acquire  a  green  colour  in  a  very  short  time,  hi 
whatsoever  situation  they  are  placed,  even  though  plun- 
ged in  water,  provided  always  that  oxygen  be  present; 
for  Mr  Gough  has  shewn,  that  light  without  oxygen 
has  not  the  power  of  producing  the  green  colour  *. 

Sennebier  has  observed,  that  when  plants  are  made 
to  vegetate  in  the  dark,  their  etiolation  is  much  dimi- 
nished by  mixing  a  little  hydrogen  gas  with  the  air  that 
surrounds  them  f .  Ingenhousz  had  already  remarked, 
that  when  a  little  hydrogen  gas  is  added  to  the  air  in 
which  plants  vegetate,  even  in  the  light,  it  renders  their 
verdure  deeper  $  :  and  he  seems  to  think  also,  that  he 
has  proved  by  experiments,  that  plants  absorb  hydro- 
gen gas  in  these  circumstances  §.  Mr  Humbolt  has  ob- 
served, that  the  poa  annua  and  compressa,  plantago  lan- 
ceolata,  trifolium  arvense,  cheiranthus  cheiri,  lichen  ver- 
ticillatus,  and  several  other  plants  which  grow  in  the 
galleries  of  mines,  retain  their  green  colour  even  in  the 
dark,  and  that  in  these  cases  the  air  around  them  con- 
tains a  quantity  of  hydrogen  gas.  This  philosopher 
concludes,  from  his  observations,  that  the  white  colour 
of  etiolated  plants  is  occasioned  by  their  retaining  an 
unusual  proportion  of  oxygen,  and  that  this  is  prevent- 
ed by  surrounding  them  with  hydrogen  gas.  This  may 
perhaps  be  true  in  certain  cases ;  but  the  experiments 


*  Manch.  Mem.  iv.  JOI.  \  Encyc.  Meth.  Pbyshl.  Vegei.  77. 
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of  Mr  Gough,  mentioned  above,  are  sufficient  to  prove  Chap.il. 
that  the  retention  of  oxygen  is  not  the  only  difference 
between  green  and  etiolated  plants  *. 

Thus  it  has  been  seen,  that  when  the  sap  arrives  at 
the  leaves,  great  part  is  thrown  off  by  evaporation,  and 
that  the  nature  of  the  remainder  is  considerably  altered 
by  the  addition  of  a  quantity  of  carbon :  but  these  are 
by  no  means  all  the  alterations  produced  upon  the  sap 
in  the  leaves. 

'  J  .•    sit    ■  ■ 


SECT.  VI. 


FUNCTIONS  OF  THE  LEAVES. DURING  THE  NIGHT. 


-Ddring  the  day,  then,  the  leaves  of  plants  exhale 

rmoisture  and  oxygen  gas,  and  absorb  carbonic  acid  gas; 

ilet  us  now  endeavour  to  trace  the  operations  which  During  the 

*  night 

tthey  perform  during  the  night. 

i.  Plants  will  not  vegetate  unless  atmospheric  air  or  Leaves  ab- 
,  ,    .    ,  _  .  sorb  oxy- 

oxygen  gas  have  access  to  their  leaves.    This  was  ren-  gen, 

'dered  probable  by  those  philosophers  who,  about  the 

■  end  of  the  17th  century,  turned  their  attention  particu- 
larly towards  the  physical  properties  of  the  air.  But 

Dr  Ingenhousz  was  perhaps  the  first  of  the  modern 

■  chemists  who  put  it  beyond  doubt.  He  found  that 
1  carbonic  acid  gas,  azotic,  and  hydrogen  gas,  destroyed 


*  Plants  of  a  white  colour,  from  vegetating  in  the  dark,  are  called 
ttklated,  from  a  French  word  which  signifies  a  star,  as  if  they  grew  by 
ttjr  light. 

Vol.  IV.  T 
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Book  IV\  plants  altogether,  unless  they  were  mixed  with  atmo- 
spheric air  or  oxygen  gas.  He  found  also,  that  plants 
grew  very  well  in  oxygen  gas  and  in  atmospheric  air*. 
Th  ese  experiments  are  sufficient  to  shew  that  oxygen 
gas  is  necessary  to  vegetation.  The  leaves  of  plants 
seem  to  absorb  it ;  and  most  probably  this  absorption 
takes  place  only  in  the  night.  We  know,  at  least,  that 
in  germination  light  is  injurious  to  the  absorption  of 
oxygen  gas  ;  and  therefore  it  is  probable  that  this  is  the 
case  also  in  vegetation. 

And  wa-  2.  The  leaves  of  plants  not  only  absorb  oxygen 
gas,  but  water  also.  This  had  been  suspected  in  all 
ages :  the  great  effect  which  dew,  slight  showers, 
and  even  wetting  the  leaves  of  plants,  have  in  re- 
cruiting their  strength,  and  making  them  vegetate 
with  vigour,  are  so  many  prooofs  that  the  leaves  im- 
bibe moisture  from  the  atmosphere.  Hales  rendered 
this  still  more  probable,  by  observing,  that  plants  in- 
crease considerably  in  weight  when  the  atmosphere  is 
moist  ;  and  Mr  Bonnet  put  the  matter  beyond  doubt 
in  his  Researches  concerning  the  Use  of  the  Leaves.  He 
shewed  that  leaves  continue  to  live  for  weeks  when  one 
of  their  surfaces  is  applied  to  water  ;  and  that  they  not 
only  vegetate  themselves,  but  even  imbibe  enough  of 
water  to  support  the  vegetation  of  a  whole  branch,  and 
the  leaves  belonging  to  it.  He  discovered  also,  that 
the  two  surfaces  of  leaves  differ  very  considerably  in 
their  power  of  imbibing  moisture  ;  that  in  trees  and 
shrubs,  the  under  surface  possesses  almost  the  whole  of 
the  property,  while  the  contrary  holds  in  man)-  of  the 
other  plants  ;  the  kidney  bean  for  instance. 


*  Ingcnhousz,  ii.  passim. 
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These  facts  proye,  not  only  that  the  leaves  of  plants  t  ChaP- n- 1 
have  the  power  of  absorbing  moisture,  but  also  that  the 
absorption  is  performed  by  very  different  organs  from 
those  which  emit  moisture  ;  for  these  organs  lie  on  dif- 
ferent sides  of  the  leaf.  If  we  consider  that  it  is  only 
Muring  the  night  that  the  leaves  of  plants  are  moistened 
ivith  dew,  we  can  scarcely  avoid  concluding,  that,  ex- 
cept in  particular  cases,  it  is  during  the  night  that 
plants  imbibe  almost  all  the  moisture  which  they  do 
nnbibe. 

3.  During  the  night  the  leaves  of  plants  emit  carbo-  An^ 
i,iic  acid  gas.    This  fact  was  first  demonstrated  by  Dr  acid  gas. 
ingenhousz.  *,  and  it  has  been  since  confirmed  by  every 
philosopher  who  has  attended  to  the  subject. 

Thus  we  have  seen  that  the  leaves  of  plants  perform 
very  different  operations  at  different  times.  During  the 
lay  they  are  giving  out  moisture,  absorbing  carbonic 
acid  gas,  and  emitting  oxygen  gas  ;  during  the  night, 
Ofi  the  contrary,  they  are  absorbing  moisture,  giving  out 
:arbonic  acid  gas,  and  absorbing  oxygen  gas. 

4.  Whether  the  emission  of  carbonic  acid  be  occa-  Sap  altered; 
ioned  by  the  combination  of  the  oxygen  absorbed  with  processes. 

!he  carbon  of  the  sap,  or  by  the  decomposition  of  water, 
las  not  been  ascertained.  What  gives  probability  to 
!he  first  opinion  is,  that  the  absorption  of  oxygen  and 
he  emission  of  carbonic  acid  take  place  at  the  same 
ime.  It  is  extremely  probable  that  there  is  also  a 
.ecomposition  of  water  going  on  in  the  sap.  But  if 
uch  a  decomposition  takes  place,  it  depends  in  a  good 
Measure  upon  the  quantity  of  oxygen  gas  absorbed  ; 
or  Dr  Ingenhousz  found,  that  when  plants  are  confined 


*  On  Vegetables,  i.  47.  and  ii.  passim. 
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•    in  oxygen  gas,  they  emit  more  carbonic  acid  gas  than  j 
when  they  are  confined  in  common  air  *. 

To  describe  in  what  manner  these  decompositions! 
take  place,  is  impossible;  because  we  neither  know  pre-l 
cisely  the  substances  into  which  the  sap  has  been  co».l 
verted  by  the  operations  performed  during  the  day,  norl 
the  new  substances  formed  by  the  operations  of  thel 
night.  We  only  see  the  elementary  substances  which 
are  added  and  subtracted  ;  which  is  far  from  being 
sufficient  to  give  us  precise  notions  concerning  the  che- 
mical changes  and  the  affinities  by  which  these  changes 
are  produced.  We  have  reason,  however,  to  conclude, 
that  during  the  day  the  carbon  of  the  sap  is  increased, 
and  that  during  the  night  the  hydrogen  and  oxygen 
are  increased  ;  but  the  precise  new  substances  formed 
are  unknown  to  us.  Nor  let  any  one  suppose  that  the 
increase  of  the  hydrogen  and  of  the  oxygen  of  the  sap 
is  the  same  thing  as  the  addition  of  a  quantity  of  water. 
Far  from  it.  The  substances  into  which  the  sap  is  con- 
verted-have  been  enumerated  in  the  last  Chapter  ;  al- 
most all  of  them  consist  chiefly  of  carbon,  hydrogen, 
and  oxygen,  and  yet  none  of  them  has  the  smallest  re- 
semblance to  water.  In  water,  oxygen  and  hydrogen 
are  already  combined  together  in  a  certain  proportion ; 
and  this  combination  must  be  broken  before  these  ele- 
mentary bodies  can  enter  into  those  triple  compounds 
with  carbon,  of  which  a  great  part  of  the  vegetable 
products  consist.  We  have  not  the  smallest  conception 
of  the  manner  in  which  these  triple  combinations  are 
formed,  and  as  little  of  the  manner  in  which  the  bo- 
dies which  compose  vegetable  substances  are  combined 


*  Ingenhousz,  ii. 
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rogether.  The  combination  may,  for  any  thing  we  know- 
to  the  contrary,  be  very  complicated,  though  it  consists 
only  of  three  ingredients  ;  and  analogy  leads  us  to  sup- 
pose that  it  actually  is  very  complicated  :  for  in  che- 
mistry it  may  be  considered  as  a  truth,  to  which  at  pre- 
sent few  or  no  exceptions  are  known,  that  bodies  are  de- 
composed with  a  facility  inversely  as  the  simplicity  of 
:heir  composition;  that  is  to  say,  that  those  bodies  which 
consist  of  the  fewest  ingredients  are  most  difficultly  de- 
composed, and  that  those  which  are  formed  of  many  in- 
gredients are  decomposed  with  the  greatest  facility. 

Neither  let  any  one  suppose  that  the  absorption  of 
carbonic  acid  gas  during  the  day  is  balanced  by  the 
quantity  emitted  during  the  night;  and  that  therefore 
chere  is  no  increase  of  carbon :  for  Ingenhousz  has 
.hewn  that  the  quantity  of  oxygen  gas  emitted  during 
:he  day  is  much  greater  than  the  carbonic  acid  gas 
emitted  during  the  night ;  and  that  in  favourable  cir- 
cumstances, the  quantity  of  oxygen  gas  in  the  air  sur- 
rounding plants  is  very  much  increased,  and  the  carbonic 
icid  gas  diminished  ;  so  much  so,  that  both  Dr  Priest- 
ey  and  Dr  Ingenhousz  found,  that  air  which  had  been 
spoiled  by  a  lighted  candle,  or  by  animals,  was  rendered 
is  good  as  ever  by  plants.  Now  we  know,  that  com- 
bustion and  respiration  diminish  the  oxygen  gas,  and 
uld  carbonic  acid  gas  to  air  •,  therefore  vegetation, 
which  restores  the  purity  of  air  altered  by  these  pro- 
jesses,  must  increase  the  oxygen,  and  diminish  the  car- 
bonic acid  gas  of  that  air ;  consequently  the  quantity 
jf  carbonic  acid  gas  absorbed  by  plants  during  the  day 
s  greater  than  the  quantity  emitted  by  them  during 
he  night,  and  of  course  the  carbon  of  the  sap  is  in- 
:reased  in  the  leaves. 
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It  is  true,  that  when  plants  are  made  to  vegetate  for 
a  number  of  days  in  a  given  quantity  of  air,  its  ingre- 
dients are  not  found  to  be  altered.  Thus  Hassenfratz 
ascertained  that  the  air,  in  which  young  chesnuts  vege-p 
tated  for  a  number  of  days  together,  was  not  altered  in 
its  properties,  whether  the  chesnuts  were  vegetating  in 
water  or  in  earth  *.  And  Saussure  Junior  proved, 
that  pease  growing  for  ten  days  in  water  did  not  alter 
the  surrounding  airf.  But  this  is  precisely  what  ought 
to  be  the  case,  and  what  must  take  place,  provided  the 
conclusions  which  I  have  drawn  be  just.  For  if  plants 
only  omit  oxygen  gas  by  absorbing  and  decomposing 
carbonic  acid  gas,  it  is  evident,  that  unless  carbonic 
acid  gas  be  present,  they  can  emit  no  oxygen  gas ;  and 
whenever  they  have  decomposed  all  the  carbonic  acid 
gas  contained  in  a  given  quantity  of  air,  we  have  no 
longer  any  reason  to  look  for  their  emitting  any  more- 
oxygen  gas  ;  and  if  the  quantity  of  carbonic  acid  gas 
emitted  during  the  night  be  smaller  than  that  absorbed 
during  the  day,  it  is  evident,  that  during  the  day  the 
plant  will  constantly  decompose  all  the  acid  which  had 
been  formed  during  the  night.  By  these  processes, 
the  mutual  changes  of  day  and  night  compensate  each 
other  ;  and  they  are  prevented  from  more  than  com- 
pensating each  other  by  the  forced  state  of  the  plant. 
It  is  probable,  that  when  only  part  of  a  plant  is  made 
to  vegetate  in  this  forced  state,  some  carbonated  sap  (if 
I  may  be  allowed  the  expression)  is  supplied  by  the  rest 
of  the  plant ;  and  that  therefore  the  quantity  of  car- 
bonic acid  gas  emitted  during  the  night  may  bear  a 
nearer  proportion  to  that  emitted  in  a  state  of  nature 


•  Ann.  de  Cbim.  xiii.  325. 
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than  that  of  the  absorption  of  fixed  air  can  possibly  do.  Chap.il. 
And  probably,  even  when  the  whole  plant  is  thus  con- 
fined, the  nightly  process  goes  on  for  a  certain  time  at 
the  expence  of  the  carbon  already  in  the  sap;  for  Hassen- 
fratz  found,  that  in  these  cases  the  quantity  of  carbon 
in  the  plant,  after  it  had  vegetated  for  some  time  in  the 
dark,  was  less  than  it  had  been  when  it  began  to  vege- 
tate *.  This  is  the  reason  that  plants  growing  in  the 
dark,  when  confined,  absorb  all  the  oxygen  gas,  and 
emit  an  equal  quantity  of  carbonic  acid  gas  :  and  when- 
ever this  has  happened,  they  die  ;  because  then  neither 
the  daily  nor  nightly  processes  can  go  on. 


SECT.  VII. 

OF  THE  PECULIAR  J  U  ICES  OF  PLANTS. 

JDy  these  changes  which  go  on  in  the  leaves,  the  nature 
of  the  sap  is  altogether  changed.  It  is  now  converted 
into  what  is  called  the  peculiar  juice ,  and  is  fit  for  be- 
ing assimilated  to  the  different  parts  of  the  plant,  and 
for  being  employed  in  the  formation  of  those  secretions 
which  are  necessary  for  the  purposes  of  the  vegetable 
economy. 

The  leaves,  therefore,  may  be  considered  as  the  di-  Leaves  the 
gesting  organs  of  plants,  and  as  equivalent  in  some  mea-  ^^"ul" 
sure  to  the  stomach  and  lungs  of  animals.    The  leaves  plants, 
consequently  are  not  mere  ornaments;  they  are  the  most 


*  Ann.  de  Cbim.  xiii.  188. 
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Book  i v.  important  parts  of  the  plant.  Accordingly  we  find, 
that  whenever  we  strip  a  plant  of  its  leaves,  we  strip  it 
entirely  of  its  vegetating  powers  till  new  leaves  are 
formed.  It  is  well  known,  that  when  the  leaves  of 
plants  are  destroyed  by  insects,  they  vegetate  no  longer, 
and  that  their  fruit  never  makes  any  farther  progress  in 
ripening,  but  decays  and  dries  up.  Even  in  germina- 
tion no  progress  is  made  in  the  growth  of  the  stem  till 
the  seed  leaves  appear.  As  much  food  indeed  is  laid  up 
in  the  cotyledons  as  advances  the  plant  to  a  certain 
state  ;  the  root  is  prepared,  and  made  ready  to  perform 
its  functions  ;  but  the  sap  which  it  imbibes  must  be 
first  carried  to  the  seed  leaves,  and  digested  there,  be- 
fore it  be  proper  for  forming  the  plumula  into  a  stem. 
Accordingly  if  the  seed  leaves  are  cut  off,  the  plant  re- 
fuses to  vegetate. 
How  they  It  will  be  very  natural  to  ask,  If  this  be  true,  how 
arc  produ  come  fac  leaves  themselves  to  be  produced  ?  Even  if  no 
answer  could  be  given  to  this  question,  it  could  not  over- 
turn a  single  fact  which  has  been  mentioned,  nor  affect 
a  single  conclusion  as  far  as  it  has  been  fairly  deduced 
from  these  facts.  We  know  that  the  leaves  exist  long 
before  they  appear ;  they  have  been  traced  even  five 
years  back.  They  are  completely  formed  in  the  bud, 
and  fairly  rolled  up  for  evolution,  many  months  before 
that  spring  in  which  they  expand.  We  know,  too,  that 
if  we  take  a  bud,  and  plant  it  properly,  it  vegetates, 
forms  to  itself  a  root,  and  becomes  a  complete  plant. 
It  will  not  be  said,  surely,  that  in  this  case  the  bud  im- 
bibes nourishment  from  the  earth  ;  for  it  has  to  form  a 
root  before  it  can  obtain  nourishment  in  that  manner j 
and  this  root  cannot  be  formed  without  nourishment.  . 
Is  not  this  a  demonstration  that  the  bud  contains,  al- 
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If  ready  laid  up  in  itself,  a  sufficient  quantity  of  nourish-  Chap.  If. 
:j  ment,  not  only  to  develope  its  own  organs,  but  also  to 
■form  new  ones.  This  I  consider  as  a  sufficient  answer 
I  to  the  objection.  During  the  summer,  the  plant  lays 
Imp  a  sufficient  quantity  of  nourishment  in  each  bud, 
(Land  this  nourishment  is  afterwards  employed  in  deve- 
loping the  leaves.  This  is  the  reason  that  the  leaves 
fcmake  their  appearance,  and  that  they  grow  during  the 
■winter,  when  the  plant  is  deprived  of  its  organs  of  di- 
Ijgestion. 

Hence  we  see  why  the  branch  of  a  vine,  if  it  be  in- 
Itroduced  into  a  hot-house  during  the  winter,  puts  forth 
leaves  and  vegetates  with  vigour,  while  every  other  part 
(of  the  plant  gives  no  signs  of  life.  Hence  also  the  rea- 
sson  that  the  inoculation  of  plants  succeeds.  Hence  also 
tthe  cause  of  another  well-known  phenomenon  :  The 
esap  flows  out  of  trees  very  readily  in  spring  before  the 
Weaves  appear,  but  after  that  the  bleeding  ceases  altoge- 
ther. It  is  evident  that  there  can  be  scarcely  any  cir- 
cculation  of  sap  before  the  leaves  appear  ;  for  as  there  is 
rno  outlet,  when  the  vessels  are  once  full  they  can  ad- 
rmit  no  more.  It  appears,  however,  from  the  bleeding, 
tthat  the  roots  are  capable  of  imbibing,  and  the  vessels  of 
(circulating,  the  sap  with  vigour.  Accordingly,  when- 
eever  there  is  an  outlet,  they  perform  their  functions  as 
msual,  and  the  tree  bleeds;  that  is,  they  send  up  a  quan- 
tity of  sap  to  be  digested  as  usual ;  but  as  there  are  no 
(digesting  organs,  it  flows  out,-  and  the  tree  receives  no 
i injury,  because  the  sap  that  flows  out  would  not  have 
bbeen  imbibed  at  all,  had  it  not  been  for  the  artificial 
copening.  But  when  the  digestive  organs  appear,  the 
ttree  will  not  bleed  •,  because  these  organs  require  all  the 
:sap,  and  it  is  constantly  flowing  to  them. 
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If  a  tree  be  deprived  of  its  leaves,  new  leaves  make 
their  appearance,  because  they  are  already  prepared  for 
that  purpose.  But  what  would  be  the  consequence  if  a 
tree  were  deprived  of  its  leaves  and  of  all  its  buds  for 
five  years  back  ?  That  plants  do  not  vegetate  without 
leaves,  is  evident  from  an  experiment  of  Duhamel.  He 
stript  the  bark  off  a  tree  in  ringlets,  so  as  to  leave  five 
or  six  rings  of  it  at  some  distance  from  each  other,  with 
no  bark  in  the  intervals.  Some  of  these  rings  had  buds 
and  leaves;  these  increased  considerably  in  size;  but  one 
ring  which  had  none  of  these  remained  for  years  unal- 
tered. Mr  Knight  found,  that  a  shoot  of  the  vine,  when 
deprived  of  its  leaves,  died  altogether  *. 

The  succus  proprius,  or  peculiar  juice  of  plants,  may 
be  considered  as  analagous  to  the  blood  of  animals.  It 
is  the  food  altered  by  digestion,  and  rendered  fit  for  be- 
ing assimilated  and  converted  into  a  part  of  the  plant 
itself,  by  the  subsequent  processes  of  vegetation.  That 
it  flows  from  the  leaves  of  the  plant  towards  the  roots, 
appears  from  this  circumstance,  that  when  we  make  an 
incision  into  a  plant,  into  whatever  position  we  put  it, 
much  more  of  the  succus  proprius  flows  from  that  side 
of  the  wound  which  is  next  the  leaves  and  branches, 
than  from  the  other  side :  and  this  happens  even 
though  the  leaves  and  branches  be  held  undermost  f. 
When  a  ligature  is  tied  about  a  plant,  a  swelling  appears 
above,  but  not  below  the  ligature. 

The  vessels  containing  the  peculiar  juice  have  been 
traced  by  Mr  Knight  from  the  leaves  into  the  cortical 
layers  of  the  inner  bark  %.    Hedwig,  who  has  examined 


*  Phil.  Trans.  1801,  p.  338. 
%Vbil.  Trans.  1801,  p.  337- 
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the  vessels  of  plants  with  very  great  care,  seems  to  con-  Chap.  11. 
sider  them  as  of  the  same  structure  with  the  tracheae  ; 
but  Mr  Knight  is  of  a  different  opinion.  It  appears 
evidently,  from  the  experiments  of  this  last  gentleman, 
that  they  communicate  with  no  part  of  the  plant  which 
is  situated  at  a  greater  distance  from  the  root  than  the 
leaf  from  which  they  themselves  originate.  For  when 
two  circular  incisions  are  made  through  the  bark  of  a 
branch  above  and  below  a  leaf,  and  at  some  distance 
from  it,  only  that  part  of  the  portion  confined  between 
the  two  incisions  which  is  situated  below  the  leaf  in- 
creases in  size. 

The  peculiar  juice  is  easily  known  by  its  colour  and  its  proper* 
its  consistence.  In  some  plants  it  is  green,  in  some  red,  tics" 
in  many  milky.    It  cannot  be  doubted  that  its  motion 
in  the  vessels  is  performed  in  the  same  way  as  that  of 
the  sap. 

If  we  had  any  method  of  obtaining  this  peculiar  juice 
in  a  state  of  purity,  the  analysis  of  it  would  throw  a 
great  deal  of  light  upon  vegetation  ;  but  this  is  scarce 
possible,  as  we  cannot  extract  it  without  dividing  at  the 
same  time  the  vessels  wjiich  contain  the  sap.  In  many 
cases,  however,  the  peculiar  juice  may  be  known  by  its 
colour,  and  then  its  analysis  may  be  performed  with  an 
approach  towards  accuracy.  The  experiments  made  on 
such  juices  have  proved,  as  might  have  been  expected, 
that  they  differ  very  considerably  from  each  other,  and 
that  every  plant  has  a  juice  peculiar  to  itself.  Hence 
it  follows,  that  the  processes  which  go  on  in  the  leaves 
of  plants  must  differ  at  least  in  degree,  and  that  we 
have  no  right  to  transfer  the  conclusions  deduced  from 
experiments  on  one  species  of  plants  to  those  of  another 
species.  It  is  even  probable,  that  the  processes  in  diffe- 
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Bookrv.  rent  plants  arc  not  the  same  in  kind  ;  for  It  is  not  rea- 
sonable to  suppose,  that  the  phenomena  of  vegetation 
in  an  agaric  or  a  boletus  are  precisely  the  same  as  those 
which  take  place  in  trees  and  in  larger  vegetables,  on 
which  alone  experiments  have  hitherto  been  made. 

To  attempt  any  general  account  of  the  ingredients 
of  the  peculiar  juice  of  plants,  is  at  present  impossible. 
Contains  We  may  conclude,  however,  from  the  experiments  of 
vegetable  chaptal,  that  it  contains  the  vegetable  fibre  of  wood, 
either  ready  formed,  or  very  nearly  so;  just  as  the  blood 
in  animals  contains  a  substance  which  bears  a  strong  re- 
semblance to  the  muscular  fibres. 

When  oxy-muriatic  acid  was  poured  into  the  pecu- 
liar juice  of  the  euphorbia,  which  in  all  the  species  of 
that  singular  genus  is  of  a  milky  colour  and  consistency, 
a  very  copious  white  precipitate  fell  down.  This  pow- 
der, when  washed  and  dried,  had  the  appearance  of  fine 
starch,  and  was  not  altered  by  keeping.  It  was  neither 
affected  by  water  nor  alkalies.  Alcohol,  assisted  by 
heat,  dissolved  two  thirds  of  it  ;  which  were  again  pre- 
cipitated by  water,  and  had  all  the  properties  of  resin. 
The  remaining  third  part  possessed  the  properties  of  the. 
•woody  fibre.  Mr  Chaptal  tried  the  same  experiment  on 
the  juices  of  a  great  number  of  other  plants,  and  he 
constantly  found  that  oxj-muriatic  acid  precipitated 
from  them  woody  fibre.  The  seeds  of  plants  exhibited 
exactly  the  same  phenomenon  ;  and  a  greater  quantity 
of  woody  fibre  was  obtained  from  them  than  from  an 
equal  portion  of  the  juices  of  plants  *.  These  experi- 
ments are  sufficient  to  shew  that  the  proper  juices  of 
plants  contain  their  nourishment  ready  prepared,  nearly 


*  Ann.  Jc  Ch'm.  xxi,  28j. 
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in  the  state  in  which  it  exists  in  the  seed  for  the  use  of  Chap.il. 
the  young  embryo. 

The  peculiar  juices  of  plants,  then,  contain  more  car- 
bon, hydrogen,  and  oxygen,  and  less  water,  and  pro- 
bably lime  also,  than  the  sap.  They  are  conveyed  to 
every  part  of  the  plant  ;  and  all  the  substances  which 
We  find  in  plants,  and  even  the  organs  themselves,  by 
which  they  perform  their  functions,  are  formed  from 
them.  But  the  thickest  veil  covers  the  whole  of  these 
processes  ;  and  so  far  have  philosophers  hitherto  been 
from  removing  this  veil,  that  they  have  not  even  been 
able  to  approach  it.  All  these  operations,  indeed,  are 
evidently  chemical  decompositions  and  combinations  ; 
but  we  neither  know  what  these  decompositions  and 
combinations  are,  nor  the  instruments  in  which  they 
take  place,  nor  the  agents  by  which  they  are  regulated. 
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Such,  as  far  as  I  am  acquainted  with  them,  are  the 
changes  produced  by  vegetation.  But  plants  do  not  plants  de- 
continue  to  vegetate  for  ever  ;  sooner  or  later  they  de-  ^-J/"' 
cay,  and  wither,  and  rot,  and  are  totally  decomposed. 
This  change  indeeed  does  not  happen  to  all  plants  at  the 
end  of  the  same  time.  Some  live  only  for  a  single  sea- 
son, or  even  for  a  shorter  period  ;  others  live  two  sea- 
sons, others  three,  others  a  hundred  or  more  ;  and  there 
are  some  plants  which  continue  to  vegetate  for  a  thou- 
sand years.    But  sooner  or  later  they  all  cease  to  live  j 
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^ Book  IV.  and  then  those  very  chemical  and  mechanical  powers 
which  had  promoted  vegetation  combine  to  destroy  the 
remains  of  the  plant.  Now,  What  is  the  cause  of  this 
change  ?  Why  do  plants  die  ? 

This  question  can  only  be  answered  by  examining 
with  some  care  what  it  is  which  constitutes  the  life  of 
plants  ;  for  it  is  evident,  that  if  we  can  discover  what 
that  is  which  constitutes  the  life  of  a  plant,  it  cannot 
be  difficult  to  discover  what  constitutes  its  death. 
Phenomena  Now  the  phenomena  of  vegetable  life  are  in  general 
ofvegetable  vege^a(ion^  As  long  as  a  plant  continues  to  vegetate, 
we  say  that  it  lives  ;  when  it  ceases  to  vegetate,  we 
conclude  that  it  is  dead. 

The  life  of  vegetables,  however,  is  not  so  intimately 
connected  with  the  phenomena  of  vegetation  that  they 
cannot  be  separated.     Many  seeds  may  be  kept  for 
years  without  giving  any  symptom  of  vegetation  ;  yet 
if  they  vegetate  when  put  into  the  earth,  we  say  that 
they  possess  life ;  and  if  we  would  speak  accurately,  we  J 
must  say  also  that  they  possessed  life  even  before  they 
were  put  into  the  earth  :  for  it  would  be  absurd  to 
suppose  that  the  seed  obtained  life  merely  by  being  put 
into  the  earth.    In  like  manner,  many  plants  decay, 
and  give  no  symptoms  of  vegetation  during  winter  ; 
yet  if  they  vegetate  when  the  mild  temperature  of 
spring  affects  them,  we  consider  them  as  having  lived 
all  winter.    The  life  of  plants,  then,  and  the  phenome- 
na of  vegetation,  are  not  precisely  the  same  thing  ;  for 
the  one  may  be  separated  from  the  other,  and  we  can 
even  suppose  the  one  to  exist  without  the  other.  Nay, 
what  is  more,  we  can,  in  many  cases,  decide,  without 
hesitation,  that  a  vegetable  is  not  dead,  even  when  no 
vegetation  appears  ;  and  the  proof  which  we  have  for 
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its  life  is,  that  it  remains  unaltered;  for  we  know  that     Chap. II. 
when  a  vegetable  is  dead,  it  soon  changes  its  appear- 
ance, and  falls  into  decay. 

Thus  it  appears  that  the  life  of  a  vegetable  consists 
in  two  things  :  1.  In  remaining  unaltered,  when  cir- 
cumstances are  unfavourable  to  vegetation  j  2.  In  exhi- 
biting the  phenomena  of  vegetation  when  circumstances 
are  favourable.  When  neither  of  these  two  things  hap- 
pens, we  say  that  a  vegetable  is  dead. 

The  phenomena  of  vegetation  have  been  enumerated 
above.  They  consist  in  the  formation  or  expansion  of 
tthe  organs  of  the  plant,  in  the  taking  in  of  nourishment, 
tin  carrying  it  to  the  leaves,  in  digesting  it,  in  distribu- 
ting it  through  the  plant,  in  augmenting  the  bulk  of 
tthe  plant,  in  repairing  decayed  parts,  in  forming  new 
(organs  when  they  are  necessary,  in  producing  seeds  ca- 
pable of  being  converted  into  plants  similar  to  the  pa- 
rrent.  The  cause  of  these  phenomena,  whatever  it  may 
ibe,  is  the  cause  also  of  vegetable  life,  and  may  be  distin-  Owing  to 

•11  r  •  t>       a  vegetative 

iguished  by  the  name  of  the  vegetative  principle.    But  principle, 
can  enquiry  into  the  nature  of  this  principle  belongs  to 
tthe  science  of  physiology,  and  would  be  foreign  to  the 
cnature  of  this  Work. 

The  death  of  plants,  if  we  can  judge  from  the  phe-  Death  of 
momena,  is  owing  to  the  organs  becoming  at  last  altoge-  plants' 
ither  unfit  for  performing  their  functions,  and  incapable 
of  being  repaired  by  any  of  the  powers  which  the  ve- 
igetative  principle  possesses.  The  changes  which  ve- 
getable substances  undergo  after  death  come  now  to  be 
1  examined.  They  shall  form  the  subject  of  the  ensuing 
t  Chapter. 
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Not  only  entire  plants  undergo  decomposition  after 
death,  but  certain  vegetable  substances  also,  whenever 
they  are  mixed  together,  and  placed  in  proper  circum* 
stances,  mutually  decompose  each  other,  and  new  com- 
pound substances  are  produced.  These  mutual  decom- 
positions, indeed,  are  naturally  to  be  expected  :  for  as 
all  vegetable  substances  are  composed  of  several  ingre- 
dients, differing  in  the  strength  of  their  affinity  for  each 
other,  it  is  to  be  supposed  that,  when  two  such  sub- 
stances are  mixed  together,  the  divellent  affinities  will, 
in  many  cases,  prove  stronger  than  the  quiescent ;  and 
therefore  decomposition,  and  the  formation  of  new  com- 
pounds, must  take  place  :  just  as  happens  when  the  ace* 
tite  of  lead  and  sulphat  of  potass  are  mixed  together. 

These  mutual  decompositions  of  vegetable  substances 
are  by  no  means  *so  easily  traced,  or  so  readily  explain- 
ed, as  the  mutual  decompositions  of  neutral  salts  ;  part- 
ly on  account  of  the  number  of  substances,  whose  affi- 
nities for  each  other  are  brought  into  action,  and  part- 
ly because  we  are  ignorant  of  the  manner  in  which  the 
ingredients  of  vegetable  substances  are  mutually  com- 
bined. 

"  Chemists  have  agreed  to  give  these  mutual  decompo- 
sitions which  take  place  in  vegetable  substances  the  name 
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F fermentation  ;  a  word  first  introduced  into  chemistry  Chap.  III. 
y  Van  Helmont*  ;  and  the  new  substances  produced  Called  fer. 
ley  have  called  the  products  of  fermentation.  All  the  ^SJA' 
henomena  of  fermentation  lay  for  many  years  conceal- 
d  in  the  completest  darkness,  and  no  chemist  was  bold 
nough  to  hazard  even  an  attempt  to  explain  them, 
hey  were  employed,  however,  and  without  hesitation 
£0,  in  the  explanation  of  other  phenomena  ;  as  if  gi- 
ing  to  one  process  the  name  of  another  of  which  we 
re  equally  ignorant,  could,  in  reality,  add  any  thing 
» -our  knowledge.  The  darkness  which  enveloped  these 
Venomena  has  lately  begun  to  disperse  ;  but  they  are 
ill  surrounded  with  a  very  thick  mist ;  and  we  must 
e  much  better  acquainted  with  the  composition  of  veg- 
etable substances,  and  the  mutual  affinities  of  their  in- 
redients,  than  we  are  at  present,  before  we  can  explain 
nem  in  a  satisfactory  manner. 

The  vegetable  fermentations  or  decompositions  may  Species, 
ee  arranged  under  five  heads  :  namely,  that  which  pro- 
luces  bread  ;  that  which  produces  wine ;  that  which 
roduces  beer  ;  that  which  produces  acetous  acid  or  vi- 
egar  ;  and  the  putrefactive  fermentation,  or  that  which 
roduces  the  spontaneous  decomposition  of  decayed  ve- 
getables. These  shall  be  the  subject  of  the  five  follow- 
ng  Sections.  In  order  to  avoid  long  titles,  I  shall  give 
>  the  first  three  Sections  the  name  of  the  new  substan- 
;s  produced  by  the  fermentation. 


*  Stahl,  Fundament.  Cbem.  i.  1 24. 
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OF  BREAD. 


Discovery  Simple  as  the  manufacture -of  bread  may  appear  to  U3 
who  have  been  always  accustomed  to  consider  it  as  a 
common  process,  its  discovery  was  probably  the  work 
of  ages,  and  the  result  of  the  united  efforts  of  men, 
whose  sagacity,  had  they  lived  in  a  more  fortunate  pe- 
riod of  society,  would  have  rendered  them  the  rivals  of 
Aristotle  or  of  Newton. 

The  method  of  making  bread  similar  to  ours  was 
known  in  the  East  at  a  very  early  period  ;  but  neither 
the  precise  time  of  the  discovery,  nor  the  name  of  the 
person  who  published  it  to  the  world,  has  been  preser- 
ved. We  are  certain  that  the  Jews  were  acquainted 
with  it  in  the  time  of  Moses  :  for  in  Exodus*  we  find 
a  prohibition  to  use  leavened  bread  during  the  celebra- 
tion of  the  passover.  It  does  not  appear,  however,  to 
have  been  known  to  Abraham  ;  for  we  hear  in  his  hi- 
story of  cakes  frequently,  but  nothing  of  leaven.  E- 
gypt,  both  from  the  nature  of  the  soil  and  the  early  pe- 
riod at  which  it  was  civilized,  bids  fairest  for  the  dis- 
covery of  making  bread.  It  can  scarcely  be  doubted 
that  the  Jews  learned  the  art  from  the  Egyptians.  The 
Greeks  assure  us,  that  they  were  taught  the  art  of  ma- 
king bread  by  the  god  Pan.  We  learn  from  Homer 
that  it  was  known  during  the  Trojan  wrar  f.    The  Ro- 


*  Chap,  xii  v.  15. 
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mans  were  ignorant  of  the  method  of  making  bread  till  t  chaP-  lu-f 
the  year  580,  after  the  building  of  Rome,  or  200  years 
before  the  commencement  of  the  Christian  era*.  Since 
that  period  the  art  has  never  been  unknown  in  the  south 
of  Europe ;  but  it  made  its  way  to  the  north  very  slow- 
ly, and  even  at  present  in  many  northern  countries  fer- 
mented bread  is  but  very  seldom  used. 

The  only  substance  well  adapted  for  making  bread,  Substances 
I  mean  loaf  bread,  is  wheat  flour,  which  is  composed  ^!^imate 
of  four  ingredients  ;  namely,  gluten,  starch,  albumen, 
and  a  sweet  mucous  matter,  which  possesses  nearly  the 
properties  of  sugar,  and  which  is  probably  a  mixture 
of  sugar  and  mucilage.  It  is  to  the  gluten  that  wheat 
flour  owes  its  superiority  to  every  other  as  the  ba- 
sis of  bread.  Indeed  there  are  only  two  other  sub- 
stances at  present  known  of  which  loaf  bread  can  be 
made  ;  these  are  rye  and  potatoes.  The  rye  loaf  is  by 
no  means  so  well  raised  as  the  wheat  loaf ;  and  pota- 
toes will  not  make  bread  at  all  without  particular  ma- 
nagement. Potatoes,  previously  boiled  and  reduced  to 
a  very  fine  tough  paste  by  a  rolling  pin,  must  be  mixed 
with  an  equal  weight  of  potato  starch.  This  mixture, 
baked  in  the  usual  way,  makes  a  very  white,  well  rai- 
sed, pleasant  bread.  We  are  indebted  for  the  process 
to  Mr  Permentier.  Barley-meal  perhaps  might  be  sub- 
stituted for  starch. 

The  baking  of  bread  consists  in  mixing  wheat  flour  Method  of 
with  water,  and  forming  it  into  a  paste.    The  average  brea^lf 
proportion  of  these  is  two  parts  of  water  to  three  of 
> flour.    But  this  proportion  varies  considerably,  accord- 
I  iiig  to  the  age  and  the  quality  of  the  flour.    In  general, 


*  Pliny,  lib.  xviii.  cap.  11, 
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Book  IV.  the  older  and  the  better  the  flour  is,  the  greater  is  the 
quantity  of  water  required.  If  the  paste,  after  being, 
thus  formed,  be  allowed  to  remain  for  some  time,  its 
ingredients  gradually  act  upon  each  other,  and  the  paste 

Ferments.     acquires  new  properties.    It  gets  a  disagreeable  sour 
taste,  and  a  quantity  of  gas  (probably  carbonic  acid  gas) 
is  evolved.    In  short,  the  paste  ferments*.  These 
changes  do  not^take  place  without  water  ;  that  liquid, 
therefore,  is  a  necessary  agent.  Possibly  it  is  decompo- 
sed by  the  action  of  the  starch  upon  it;  for  when  starch 
is  diluted  with  water,  it  gradually  becomes  sour.  The 
gluten,  too,  is  altered,  either  by  the  action  of  the  wa- 
ter on  it,  or  of  the  starch  ;  for  if  we  examine  the  paste 
after  it  has  undergone  fermentation,  the  gluten  is  no 
longer  to  be  found.    If  paste,  after  standing  for  a  suffi- 
cient time  to  ferment,  be  baked  in  the  usual  way,  it 
forms  a  loaf  full  of  eyes  like  our  bread,  but  of  a  taste 
so  sour  and  unpleasant  that  it  cannot  be  eaten.    If  a 
small  quantity  of  this  old  paste,  or  leaven  as  it  is  called, 
be  mixed  with  new  made  paste,  the  whole  begins  to 
ferment  in  a  short  time ;  a  quantity  of  gas  is  evolved  ; 
but  the  glutinous  part  of  the  flour  renders  the  paste  so 
tough  that  the  gas  cannot  escape  -7  it  therefore  causes 
the  paste  to  swell  in  every  direction  :  and  if  it  be  now 
baked  into  loaves,  the  immense  number  of  air  bubbles 
imprisoned  in  every  part  renders  the  bread  quite  full  of 
.  . .  eyes,  and  vety  light.    If  the  precise  quantity  of  leaven 
necessary  to  produce  the  fermentation,  and  no  more, 
has  been  used,  the  bread  is  sufficiently  light,  and  has  no 
unpleasant  taste  ;  but  if  too  much  leaven  be  employed,, 


*  Tt  was  from  this  process  that  Van  Helmont  transferred  the  word 
fermentation  into  chemistry. 
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the  bread  has  a  bad  taste  ;  if  too  little,  the  fermen-  t  chaP-  iri-> 
tation  does  not  come  on,  and  the  bread  is  too  compact 
and  heavy.  To  make  good  bread  with  leaven  therefore 
is  difficult. 

The  ancient  Gauls  had  another  method  of  ferment-  Fermenta- 
ing  bread.    They  formed  their  paste  in  the  usual  way;  '^"by01"0 
and  instead  of  leaven,  mixed  with  it  a  little  of  the  barm  barm, 
which  collects  on  the  surface  of  fermenting  beer  *.  This 
mixture  produced  as  complete  and  as  speedy  a  fermen- 
1  tation  as  leaven  ;  and  it  had  the  great  advantage  of  not 
being  apt  to  spoil  the  taste  of  the  bread.    About  the 
end  of  the  17th  century,  the  bakers  in' Paris  began  to 
introduce  this  practice  into  their,  processes.    The  prac- 
tice was  discovered,  and  exclaimed  against ;  the  faculty 

•  of  medicine,  in  1688,  declared  it  prejudicial  to  health  ; 
and  it  was  not  till  after  a  loner  time  that  the  bakers  sue- 
eeeded  in  convincing  the  public  that  bread  baked  with 

•  barm  is  superior  to  bread  baked  with  leaven.  In  this 
country  the  bread  has  for  these  many  years  been  fer- 

imented  with  barm. 

What  is  this  barm  which  produces  these  effects  ? 
'Mr  Henry  of  Manchester  has  proved,  by  a  number  of  * ' 
ivdry  interesting  experiments,  that  carbonic  acid  is  ca- 
jpable  of  being  employed  in  many  cases  wirh  success  as 
aa  substitute  for  barm  f .     But  the  analysis  of  Mr  Wes-  Analysis 
ttrum  has  demonstrated,  that  the  barm  which  collects  ofbarm- 
on  the  surface  of  beer  is  of  a  much  more  complicated 
mature.    That  celebrated  chemist  obtained  from  15360 
pparts  of  good  barm  the  following  substances  : 


*  Pliny,  lib.  xviii.  cap.  7. 

f  MuucLciter  Memoirs,  ii  162. 
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15  carbonic  acid 
10  acetous  acid 
45  malic  acid 
240  alcohol 
120  extract 
240  mucilage 
315  sugar 
480  gluten 
13595  water 

15060 

Besides  6*9  parts  of  lime,  13  potass,  some  mucous  acid, 
and  traces  of  phosphoric  acid  and  silica*. 

But  all  these  ingredients  are  not  essential  to  barm,  as 
Westrum  has  very  properly  observed.  Tt  has  been 
customary  with  the  bakers  of  Paris  to  bring  their  barm 
from  Flanders  and  Picardy  in  a  state  of  dryness*  When 
skimmed  off  the  beer,  it  is  put  into  sacks,  and  the  mois- 
ture allowed  to  drop  out ;  then  these  sacks  are  subject- 
ed to  a  strong  pressure,  and  when  the  barm  is  dry  it  is 
made  up  into  balls  f .  Now  this  process  must  separate 
the  water,  carbonic  acid,  acetous  acid,  and  alcohol  ;  yet 
this  barm,  when  again  moistened,  ferments  bread  equal- 
ly well  with  new  barm  ;  therefore  the  presence  of  these 
bodies  is  not  essential.  Westrum  ascertained,  that  the 
extract,  mucilage,  sugar,  and  maiic  acid,  are  incapable 
of  producing  fermentation  ;  that  barm,  deprived  of  its 
gluten  by  filtration,  loses  the  property  of  exciting  fer- 
mentation in  beer  ;  that  the  gluten  of  wheat  is  capable 
alone  of  exciting  a  fermentation;  and  that  gluten,  mix- 
ed with  a  vegetable  acid,  answers  all  the  purposes  of  a 
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*  Crcll's  Annals,  1796,  i.  13.         \  Encyc.  Method.  Art.  el  Met.  1 149- 
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;rment.    Hence  it  follows,  that  these  bodies  alone  are    Chap. in. 
cessential  to  barm.    But  leven  is  precisely  such  a  com- 
ipound. 

After  the  bread  has  fermented,  and  is  properly  raised,  Heat  of  the 

it  is  put  into  the  oven  previously  heated,  and  allowed 

:to  remain  till  it  be  baked.    The  mean  heat  of  an  oven, 

jas  ascertained  by  Mr  Tiller,  is  448  *.    The  bakers  do 

mot  use  a  thermometer;  but  they  judge  that  the  oven  has 

.arrived  at  the  proper  heat  when  flour  thrown  on  the 

[floor  of  it  becomes  black  very  soon  without  taking  fire. 

We  see,  from  Tillet's  experiment,  that  this  happens  at 

tthe  heat  of  4480. 

When  the  bread  is  taken  out  of  the  oven,  it  is  found  Loss  of 
.     ,.  ,  .  .  .  weight  sus- 

tto  be  lighter  than  when  put  in  ;  as  might  naturally  have  tainedinit 

fcbeen  expected,  from  the  evaporation  of  moisture  which 
miust  have  taken  place  at  that  temperature.    Mr  Tillet, 
:and  the  other  commissioners  who  were  appointed  to  ex- 
amine this  subject  in  consequence  of  a  petition  from  the 
tbakers  of  Paris,  found  that  a  loaf,  which  weighed  be- 
ifore  it  was  put  into  the  oven  4.625  lbs.  after  being  ta- 
Iken  out  baked,  weighed,  at  an  average,  only  3.813  lbs. 
or  0.812  lb.  less  than  the  paste.    Consequently  100 
jparts  of  paste  lose,  at  an  average,  17.34  parts,  or  some- 
what more  than  -f  th  by  baking  f .    They  found,  how- 
:ever,  that  this  loss  of  weight  was  by  no  means  uniform, 
even  with  respect  to  those  loaves  which  were  in  the 
oven  at  the  same  time,  of  the  same  form,  and  in  the 
same  place,  and  which  were  put  in  and  taken  out  at  the 
same  instant.    The  greatest  difference  in  these  circum-*" 
Stances  amounted  to  .2889,  or  7.5  parts  in  the  hundred, 
which  is  about  xlTth  of  the  whole.    This  difference  is 


*  Eneyc,  MctLod.  Art.  et  Metiers,  i.  ZJJ.  f  Jbiii. 
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Book  IV.  very  considerable,  and  it  is  not  easy  to  say  to  what  it  13 
owing.  It  is  evident,  that  if  the  paste  has  not  all  the 
same  degree  of  moisture,  and  if  the  barm  be  not  accu- 
rately mixed  through  the  whole,  if  the  fermentation  of 
the  whole  be  not  precisely  the  same,  that  these  diffe- 
rences must  take  place.  Now  it  is  needless  to  observfc 
how  difficult  it  is  to  perform  all  this  completely.  The 
French  commissioners  found,  as  might  indeed  have  been 
expected,  that,  other  things  being  equal,  the  loss  of 
weight  sustained  is  proportional  to  the  extent  of  sur- 
face of  the  loaf,  and  to  the  length  of  time  that  it  re- 
mains in  the  oven  ;  that  is  to  say,  the  smaller  the  ex- 
tent of  the  external  surface,  or,  which  is  the  same  thing, 
the  nearer  the  loaf  approaches  to  a  globular  figure,  the 
smaller  is  the  loss  of  weight  which  it  sustains  ;  and  the 
longer  it  continues  in  the  oven,  the  greater  is  the  loss  of 
weight  which  it  sustains.  Thus  a  loaf  which  weighed 
exactly  4  lbs.  when  newly  taken  out  of  the  oven,  be- 
ing replaced  as  soon  as  weighed,  lost,  in  ten  minutes, 
.125  lb.  of  its  weight,  and  in  ten  minutes  more  it  again 
lost  .0625  lb.  *. 

Loaves  are  heaviest  when  just  taken  out  of  the  oven; 
they  gradually  lose  part  of  their  weight,  at  least  if  not 
kept  in  a  damp  place,  or  wrapt  round  with  a  we$ 
clothf.  Thus  MrTillet  found  that  a  loaf  of  4  lbs.  after 
being  kept  for  a  week,  wanted  -3123,  or  nearly  T\th 
of  its  original  weight  f . 

When  bread  is  newly  taken  out  of  the  oven,  it  has  ai 


*  Eicyc.  Mdbod.  art.  i.  270. 

I  This  is  an  excellent  method  of  preserving  bread  fresh,  and  free  from' 
mould,  for  a  long  time. 

\  Encyc.  Method,  art.  i.  27c. 
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:  peculiar,  and  rather  pleasant  smell,  which  it  loses  by    Chap.  IIL 
(.keeping,  unless  its  moisture  be  preserved  by  wrapping  pr0pertie* 
1  it  round  with  a  wet  cloth  ;  as  it  does  also  the  peculiar  of  brea<s* 
xtaste  by  which  new  bread  is  distinguished.   This  shews 
.us,  that  the  bread  undergoes  chemical  changes;  but 
vwhnt  these  changes  are,  or  what  the  peculiar  substance 
lis  to  which  the  odour  of  bread  is  owing,  is  not  known, 
v.  Bread  differs  very  completely  from  the  flour  of  which 
iit  is  made,  for  none  of  the  ingredients  of  the  flour  can 
mow  be  discovered  in  it.    The  only  chemist  who  has 
; attempted  an  analysis  of  bread  is  Mr  GeofFroy.  He 
i found  that  100  parts  of  bread  contained  the  following 
iingredients  : 

O 

24-735  watcr 

32.030  gelatinous  matter,  extracted  by  boiling  water 
39.843  residuum  insoluble  in  water 


96.608 
3.392  loss 


100. 

But  this  analysis,  which  was  published  in  the  Memoirs 
iof  the  French  Academy  for  the  year  1732,  was  made  at 
a  time  when  the  infant  state  of  the  science  of  chemistry 
(did  not  admit  of  any  thing  like  accuracy. 


SECT.  II. 

OF  WI1SE. 


There  is  a  considerable  number  of  ripe  fruits  from 
which  a  sweet  liquor  may  be  expressed,  having  at  the 
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Must 


Undergoes 
the  vinous 
fermenta- 
tion : 


same  time  a  certain  degree  of  acidity.  Of  such  fruits 
we  have  in  this  country  the  apple,  the  cherry,  the  goose- 
berry, the  currant,  &c.  but  by  far  the  most  valuable  of 
these  fruits  is  the  grape,  which  grows  luxuriantly  in  the 
southern  parts  of  Europe.  From  grapes,  fully  ripe,  may 
be  expressed  a  liquid  of  a  sweet  taste,  to  which  the 
name  of  must  has  been  given.  This  liquid  is  composed 
almost  entirely  of  five  ingredients  ;  namely,  water,  su. 
gar,  jelly,  extract,  and  tartarous  acid  partly  saturated 
with  potass.  The  quantity  of  sugar  which  grapes  fully 
ripe  contain  is  very  considerable ;  it  may  be  obtained  in 
crystals  by  evaporating  must  to  the  consistence  of  sy- 
rup, separating  the  tartar  which  precipitates  during 
the  evaporation,  and  then  setting  the  must  aside  for 
some  months.  The  crystals  of  sugar  are  gradually  form- 
ed. 

"When  must  is  put  into  the  temperature  of  about  70  °, 
the  different  ingredients  begin  to  act  upon  each  other, 
and  what  is  called  vinous  fermentation  commences.  The 
phenomena  of  this  fermentation  are  an  intestine  motion 
in  the  liquid  ;  it  becomes  thick  and  muddy,  its  tempe- 
rature increases,  and  carbonic  acid  gas  is  evolved.  In 
a  few  days  the  fermentation  ceases,  the  thick  part  sub- 
sides to  the  bottom  or  rises  to  the  surface,  the  liquid 
becomes  clear,  it  has  lost  its  saccharine  taste,  and  assu- 
med a  new  one  5  its  specific  gravity  is  diminished  j  and, 
in  short,  it  has  become  the  liquid  well  known  under  the 
name  of  wine. 

Now  what  is  the  cause  of  this  fermentation  ?  what  are 
the  substances  which  mutually  decompose  each  other? 
and  what  is  the  nature  of  the  new  substance  formed  ? 

These  changes  are  produced  altogether  by  the  mu- 
tual action  of  the  substances  contained  in  must ;  for 
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ey  take  place  equally  well,  and  wine  is  formed  equally    Chap.  ML 
ell  in  close  vessels  as  in  the  open  air  *.  v 
If  the  must  be  evaporated  to  the  consistency  of  a  For  which 
ick  syrup,  or  to  a  rob,  as  the  elder  chemists  termed  w  ' 
the  fermentation  will  not  commence,  though  the  pro- 
er  temperature,  and  every  thing  else  necessary  to  pro- 
uce  fermentation,  be  present  f.    But  if  this  syrup  be 
in  diluted  with  water,  and  placed  in  favourable  cir- 
imstances,  it  will  ferment.    Therefore  the  presence  of 
jater  is  absolutely  necessary  for  the  existence  of  vinous 
rmentation.    But,  on  the  other  hand,  if  the  must  be 
o  much  diluted  with  water,  it  either  refuses  to  fer- 
nent  altogether,  or  its  fermentation  proceeds  very  lan- 
■uiJIy. 

If  the  juice  of  those  fruits  which  contain  but  little  s„~ 
ugar,  as  currants,  be  put  into  a  favourable  situation, 
Vermentation  indeed  takes  place,  but  so  slowly,  that  the 
product  is  not  wine,  but  vinegar  :  but  if  a  sufficient 
quantity  of  sugar  be  added  to  these  very  juices,  wine  is 
•eadily  produced.    No  substance  whatever  can  be  made 
o  undergo  vinous  fermentation,  and  to  produce  wine, 
anless  sugar  be  present.    Sugar  therefore  is  absolutely 
ecessary  for  the  existence  of  vinous  fermentation  ;  and 
vwe  are  certain  that  it  is  decomposed  during  the  process  5 
dfor  no  sugar  can  be  obtained  from  properly  fermented 
^wine.    It  has  been  sufficiently  demonstrated  by  the  ex- 
periments of  Macquer  and  the  observations  of  Chaptal, 
nhat  the  strength  of  the  wine  is  always  proportional  to 
the  quantity  of  sugar  contained  in  the  must  \. 


*  Fabroni,  Ann.  de  Cbim.  xxxi.  302. 
%  Ann.  de  Cbim.  xxxvi.  37. 


f  Stahl,  i. 
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, Book  1V-       All  those  juices  of  fruits  which  undergo  the  vinous 
An  acid,      fermentation,  either  with  or  without  the  addition  of 
sugar,  contain  an  acid.    We  have  seen  already  in  the 
First  Chapter  that  the  vegetable  acids  are  obtained  chief- 
ly from  fruits.    The  apple,  for  instance,  contains  mal 
lie  acid  ;  the  lemon,  citric  acid  ;  the  grape,  tartarouf 
and  malic  acids.  The  Marquis  de  Bullion  has  ascertained 
that  must  will  not  ferment  if  all  the  tartarous  acid  which 
it. contains  be  separated  from  it ;  but  it  ferments  per- 
fectly well  on  restoring-  that  acid.    The  same  chemist 
ascertained  that  the  strength  of  wine  is  considerably 
increased  by  adding  tartar  and  sugar  to  the  must  *.  We 
may  conclude  from  these  facts,  that  the  presence  of  a 
vegetable  acid  is  absolutely  necessary  for  the  commence, 
ment  of  the  vinous  fermentation.    This  renders  it  pro- 
bable  that  the  essential  part  of  barm  is  a  vegetable  acid, 
or  something  equivalent ;  for  if  sugar  be  dissolved  in 
four  times  its  weight  of  water,  mixed  with  the  yeast  of 
beer,  and  placed  in  a  proper  temperature,  it  undergoes 
the  vinous  fermentation  f . 
And  cx-         All  the  juices  of  fruits  which  undergo  the  vinous  fer- 
mentation contain  an  extractive  matter,  composed  of 
what  Deyeux  has  called  the  sweet  principle.   This  sub- 
stance has  not  been,  examined  with  much  precision;, 
but  it  seems  to  consist  of  mucilage,  jelly,  and  extract. 
Now  the  presence  of  this  substance  is  also  necessary  for 
the  commencement  of  fermentation.  For  sugar,  though 
diluted  with  W3ter,  and  mixed  with  a  vegetable  acid, 
refuses  to  ferment  unless  so  memucilaginous  matter  be 
added. 

Thus  we  see,  that  for  the  production  of  wine  a  cer- 


tract,  are 
necessary. 


*  Ann.  de  Qb'im.  xxxvi. 30. 


f  Bergman. 
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in  temperature,  a  certain  portion  of  water,  sugar,  a 
getable  acid,  and  extractive  matter,  is  necessary.  Mr 
ivoisier  found  that  sugar  would  not  ferment  unless 
ssolved  in  at  least  four  times  its  weight  of  water. 
his  seems  to  indicate  that  the  particles  of  sugar  must 
removed  to  a  certain  distance  from  each  other  before 
e  other  ingredients  can  decompose  them. 

When  all  these  substances  exist  in  must  in  proper  phenomena 
roportions,  the  fermentation  commences  very  speedily,  nicntatioa 
•ovided  the  liquid  be  placed  in  a  proper  temperature  j 
ad  its  rapidity  (other  things  remaining  the  same)  is 
ways  proportioned  to  the  quantity  of  liquid  exposed 
once  to  fermentation.  The  heat  evolved  is  always 
-oportioned  to  the  rapidity  of  the  process,  and  indeed 
iay  be  looked  upon  as  the  great  cause  of  that  rapidity, 
.ccording  to  Chaptal,  the  temperature  during  fermen- 
:.tion  is  never  lower  than  6o°,  and  sometimes  it  is  as 
jigh  as  95  *. 

During  the  fermentation,  the  quantity  of  sugar  is 
onstantly  diminishing,  and  when  the  process  is  com- 
Itted  the  whole  of  the  sugar  is  decomposed.    The  li- 
mid  has  become  more  fluid,  and  has  acquired  a  vinous 
iste,  owing  most  probably  to  the  formation  of  alcohol. 
Whether  the  other  substances,  which  constitute  a  part 
f  the  must,  have  undergone  any  change,  or  whether 
ley  have  merely  contributed  to  the  decomposition  of 
le  sugar,  is  not  precisely  known.    The  experiments 
If  Lavoisier,  to  whom  we  are  indebted  for"  the  first  • 
l-recise  explanation  of  fermentation,  render  the  second 
lupposition  most  probable.    From  these  experiments  it 
.ollows,  that  the  sugar  is  divided  into  two  portions  j  one 


*  Ann.  de  dim.  xxxvi.  25. 
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Book  IV.  portion  separates  in  the  form  of  carbonic  acid,  and  the 
other,  containing  a  great  excess  of  hydrogen,  remains 
under  the  form  of  alcohol.  Tins  alcohol  is  combined 
with  the  colouring  matter,  and  with  the  acids  of  the 
wine,  so  intimately,  that  it  can  only  be  separated  by  dis- 
tillation. This  carbonic  acid  carries  along  with  it  a  cer. 
tain  portion  of  alcohol,  as  was  pointed  out  some  tima 
ago  by  Chaptal.  The  extractive  matter  separates,  cither 
precipitating  to  the  bottom  or  swimming  on  the  sut« 
face. 

It  seems  more  than  probable,  from  the  experiments 
Bullion  and  Chaptal,  that  t.\e  tartarous  acid  is  partlj 
decomposed  during  the  fermentation,  and  that  a  por- 
tion of  malic  acid  is  formed.  The  process,  therefore,  is 
more  complicated  than  was  suspected  by  Lavoisier.  It| 
is  obviously  analogous  to  combustion,  as  is  evident  from 
the  evolution  of  caloric  and  the  formation  of  car- 
bonic acid,  which  is  a  product  of  combustion.  Perhap* 
the  tartarous  acid  and  the  extractive  matter,  by  attract- 
ing at  once  the  oxygen  of  the  sugar,  destroy  the  equi- 
librium, and  occasion  a  commencement  of  decompose 
tion,  which  is  afterwards  completed  at  the  expence  of 
the  sugar. 

After  the  fermentation  has  ceased,  the  liquor  is  put 
into-  casks,  where  the  remainder  of  the  sugar  is  decom-  I 
posed  by  a  slow  fermentation  ;  after  which  the  wine,  I 
decanted  off  the  extractive  matter,  is  put  up  in  bottlesv' 
Component      The  properties  of  wine  differ  very  much  from  each 
parts  of       other  according  to  the  nature  of  the  grapes  from  which 
the  must  was  extracted,  and  according  to  the  manner  in 
which  the  process  was  conducted.    These  differences 
are  too  well  known  to  require  a  particular  description. 
But  all  wines  contain  less  or  more  of  the  following  in- 
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■ecUents  j  not  to  mention  water,  which  constitutes  -a  Ch?.p.  m. 
rry  great  proportion  of  every  wine. 

ft  An  acid.  All  wines  give  a  red  colour  to  paper  An  acid, 
ained  with  turnsole,  and  of  course  contain  an  acid, 
haptal  has  ascertained  that  the  acid  found  in  greatest 
mndance  in  wine  is  the  malic  ;  but  he  found  traces 
so  of  citric  acid,  and  it  is  probable  that  wine  is  ne- 
;r  entirely  destitute  of  tartar.  All  wines  which  have 
le  property  of  frothing  when  poured  into  a  glass,  con- 
in  also  carbonic  acid,  to  which  they  owe  their  brisk- 
mess.  This  is  the  case  with  champaign.  These  wines 
are  usually  weak  ;  their  fermentation  proceeds  slowly, 
ind  they  are  put  up  in  close  vessels  before  it  be  over. 
Hence  they  retain  the  last  portions  of  carbonic  acid  that 
have  been  evolved. 

2.  Alcohol.  All  wine  contains  less  or  more  of  this  Alcohol, 
principle,  to  which  it  is  indebted  for  its  strength  j  but 
in  what  particular  state  of  combination  it  exists  in  wine 
Lcannot  easily  be  ascertained.  It  is  undoubtedly  inti- 
rmately  combined  with  the  other  component  parts  of 
wrine  ;  as  Fabroni  has  shewn  that  it  cannot  be  separa- 
tted  by  saturating  the  wine  with  dry  carbonat  of  pot- 
:ass,  though  a  very  small  portion  of  alcohol,  added  on 
jpurpose  to  wine,  may  be  easily  separated  by  means  of 
ithat  salt.  But  as  alcohol  separates  along  with  the  car- 
Ibonic  acid  during  the  fermentation,  we  can  scarcely 
(doubt  that  it  has  been  formed.  When  wine  is  distil- 
lled, the  alcohol  readily  separates.  The  distillation  is 
(Usually  continued  as  long  as  the  liquid  which  comes 
•  over  is  inflammable.  The  quantity  obtained  varies  ac- 
cording to  the  wine,  from  a  fourth  part  to  a  fourteenth 
jpart  of  the  wine  distilled.  The  spirit  thus  obtained  is 
'Well  known  under  the  name  of  brandy.   What  remains 
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^Book  IV.  after  this  distillation  is  distinguished  in  France  by  thc^ 
name  of  viriarse.  It  consists  of  tartar,  &.c.  and  when 
evaporated  to  dryness,  and  subjected  to  combustion, 
yields  potass. 

Extract,  3-  Extractive  matter.     This  matter  exists  in  all 

wines ;  but  its  proportion  diminishes  according  tothe  age 
of  the  wine,  as  it  gradually  precipitates  to  the  bottom*  t 

Oil,  4.  Every  wine  is  distinguished  by  a  peculiar  flavour 

and  odour,  which  probably  depends  upon  the  presence* 
of  a  volatile  oil,  so  small  in  quantity  that  it  cannot  be 
separated. 

Andcolour-  5.  The  colouring  matter  of  wine  is  originally  contain* 
ed  in  the  husk,  of  the  grape,  and  is  not  dissolved  till  the> 
alcohol  be  developed.  This  matter  is  analogous  to  thej 
other  colouring  matters  of  plants  :  a  set  of  bodies  pos- 
sessed of  remarkable  properties,  but  too  little  examined 
hitherto  to  be  introduced  with  much  advantage  into  a~ 
System  of  Chemistry.  This  colouring  matter  precipi- 
tates when  the  wine  is  exposed  to  the  heat  of  the  sum 
It  sometimes  also  precipitates  in  old  wine,  and  it  may 
be  easily  separated  by  pouring  lime-water  into  wine*. 


SECT.  TIL 

OF  BEER. 

The  method  of  making  beer  was  known  in  the  most 
remote  ages  ;  we  are  ignorant  to  whom  the  world  is  in- 


*  The  most  precise  account  of  wine  and  of  the  vinous  fermentation  hi- 
therto published,  is  by  Chaptal,  and  is  contained  in  the  xxxvi.  and  xxxvir.' 
Volumes  of  the  Annates  de  Chimie. 
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lebted  for  the  discovery-  of  it.  Beer  is  usually  made  t  Chap,  iu.^ 
From  hurley. 

The  barley  is  steeped  in  water  for  about  sixty  hours,  Method  of 

J  f  j  7  making 

n  order  to  saturate  it  with  that  liquid.  It  ought  then  malt, 
:o  be  removed  as  speedily  as  possible,  otherwise  the  wa- 
;er  dissolves  and  carries  off  the  most  valuable  part  of  « 
he  grain.  The  barley  is  then  to  be  laid  in  a  heap  for 
wenty-four  hours  ;  heat  is  eVolved,  oxygen  gas  absorb- 
ed, carbonic  acid  gas  emitted,  and  germination  c'om- 
nences  with  the  shooting  forth  of  the  radicle.  It  is 
;heh  spread  upon  a  cool  floor,  dried  slowly,  and  is  after- 
wards known  by  the  name  of  malt*. 

Malt,  previously  ground  to  a  coarse  powder;  is  to  be  Wort> 
infused  in  a  sufficient  quantity  of  pure  Water,  of  the 
temperature  of  1600,  for  an  hour.  The  infusion  is  then 
tto  be  draWn  off,  and  more  water  may  be  added,  at  a 
higher  temperature,  till  all  the  soluble  part  of  the  malt 
jis  extracted.    This  infusion  is  known  by  the  name  of 
vwort:    It  has  a  Sweet  taste,  and  contains  a  quantity  of 
^saccharine,  and  doubtless  also  of  gelatinous  matter. 

When  wort  is  placed  in  the  temperature  of  about  And  beer. 
(6o°,  fermentation  gradually  takes,  place  in  it,  and  the 
very  same  phenomena  appear  which  distinguish  the  pro- 
duction of  wine.  The  fermentation  of  wort,  then,  is 
inothing  but  a  particular  case  of  the  vinous  fermenta- 
tion. But  wort  does  not  ferment  so  well,  nor  so  soon, 
nor  does  it  produce  nearly  so  great  a  quantity  of  good 
'.fermented  liquor,  as  when  yeast  is  added  to  it.  The 
ireason  of  which  is,  probably,  that  the  fermentation  does 
not  commence  till  an  acid  is  generated  in  the  wort,  and 
tbefore  that  happens  part  of  the  saccharine  contents  are 


*  Collier,  Manth.  Man.  v.  2  60. 
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decomposed  ;  whereas  the  yeast  adds  an  acid,  or  at  least 
something  equivalent  to  it,  at  once. 

Wort  ferments  in  close  vessels,  as  Mr  Collier  ascer- 
tained by  experiment,  equally  well  as  in  the  open  air. 
Therefore  the  decomposition  is  produced  entirely  by 
the  substances  contained  in  the  wort,  without  the  addi- 
tion of  any  thing  from  the  air.  The  quantity  of  beer 
produced  in  close  vessels  is  much  greater  than  when  the 
process  takes  place  in  the  open  air.  The  reason  of 
which  is,  that  in  the  open  air  the  beer  gradually  eva- 
porates during  the  fermentation.  Thus  Mr  Collier 
found  that  n  quarts,  3^  oz.  fermented  in  open  vessels, 
lost  in  12  days,  40  oz.  ;  whereas  an  equal  weight,  fer- 
mented in  close  vessels,  lost  only  8  oz.  in  the  same  time. 
Yet  the  quality  of  the  beer  was  the  same  in  each  ;  for 
equal  quantities  of  both,  when  distilled,  yielded  pre- 
cisely the  same  portion  of  alcohol*. 

During  the  fermentation,  a  quantity  of  carbonic  acid 
gas  is  constantly  disengaged,  not  in  a  state  of  purity, 
but  containing,  combined  with  it,  a  portion  of  the  wort ; 
and  if  this  gas  be  made  to  pass  through  water,  it  will 
deposite  wort,  which  may  be  fermented  in  the  usual 
manner  f. 

When  beer  is  distilled,  alcohol  is  obtained,  and  the 
residuum  is  an  acid  liquor  J.  The  theory  of  beer  is  so 
obviously  the  same  with  that  of  wine  that  it  requires 
no  additional  explanation. 


•  Collier,  Mancb .  Mem.  V.  260. 
\  Henry,  Mancb.  Mem.  il.  257. 
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OF  THE  ACETOUS  FERMENTATION. 


If  wine  or  beer  be  kept  in  a  temperature  between  700 
and  900,  it  gradually  becomes  thick,  its  temperature 
augments,  filaments  are  seen  moving  through  it  in  every 
direction,  and  a  kind  of  hissing  noise  may  be  distin- 
guished.   These  intestine  motions  gradually  disappear,  Wineier- 

fe  .  .  merits  and 

the  filaments  attach  themselves  to  the  sides  and  bottom  becomes 


sour. 


■  of  the  vessel,  and  the  liquor  becomes  transparent.  But 
it  has  now  lost  its  former  properties,  and  is  converted 
into  acetous  acid.    This  intestine  decomposition  has 
I  been  long  distinguished  by  the  name  of  acetous  fermen- 
tation, because  its  product  is  acetous  acid.    That  this 
fermentation  may  take  place,  certain  conditions  must 
Ibe  attended  to.    The  most  important  of  these  will  ap- 
ipear  from  the  following  observations: 

1.  Neither  pure  alcohol,  nor  alcohol  diluted  with  wa-  Alcohol  not 
ter,  is  susceptible  of  this  change.  The  weaker  the  wine  of'thls'' 
or  the  beer  is  on  which  the  experiment  is  made,  the  chaDSe- 
more  readily  is  it  converted  into  vinegar  •,  the  stronger 
they  are  they  resist  the  change  with  the  greater  obsti- 
nacy.   But  it  results  from  the  experiments  of  Beccher, 
ithat  strong  wines,  when  they  are  made  to  undergo  the 
:  acetous  fermentation,  yield  a  much  better  and  stronger 
^ vinegar  than  weak  wines.    Hence  it  follows,  that  al- 
;  cohol,  though  of  itself  it  refuses  to  undergo  the  change, 
}yet  when  other  bodies  are  present  which  readily  fer- 
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rature re- 
quired. 


Effects  of 
the  fermen- 
tation. 


mer.t,  is  decomposed  during  the  process,  and  centri- 
butes  to  the  formation  of  the  acetous  acid. 

2.  "Wine  entirely  deprived  of  extractive  matter,  either 
by  spontaneous  deposition  or  by  clarification,  does  nof 
undergo  the  acetous  fermentation,  unless  some  mucila-* 
ginouf-matter  be  mixed  with  it.  Chaptal  exposed  old4 
wine  destitute  of  this  matter,  in  open  bottles,  to  the^ 
greatest  summer  heat  of  Montpelier  for  40  days,  and* 
yet  it  did  not  become  sour :  But  upon  adding  some{ 
vine  leaves  to  the  same  wine,  it  became  acid  in  a  fevl 
days  *. 

3.  Wine  never  becomes  sour,  provided  it  be  com-' 
pletely  deprived  of  all  access  to  atmospheric  air.  The 
reason  is,  that  during  the  acetous  fermentation,  oxygen! 
is  absorbed  from  the  atmosphere  in  abundance;  and  un- 
less that  absorption  can  take  place,  no  vinegar  is  ever 
formed.    Hence  the  reason  that  wine  or  beer  is  more;) 
apt  to  become  sour  after  the  cork  has  been  drawn,  and 
still  more  apt  when  part  has  been  poured  out  of  the 
bottle. 

4.  A  pretty  high  temperature  is  necessary  for  the 
commencement  of  the  acetous  fermentation.  Wine  or 
beer  (unless  very  weak)  scarcely  become  sour  under  the 
temperature  of  65 0  or  70°.  The  fermentation  is  very, 
apt  to  commence  when  the  temperature  suddenly  rises. 
It  is  said,  too,  that  wine  and  beer  are  more  apt  to  be- 
come sour  at  certain  seasons  of  the  year  than  at  others. 

5.  When  the  acetous  acid  is  completed,  the  whole  of 
the  malic  acid  originally  contained  in  the  wine  has  dis- 
appeared as  well  as  the  alcohol.  We  must  conclude, 
therefore,  that  they  have  been  both  converted  into  ace- 
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tous  acid.  Part  of  the  extractive  matter  has  also  under-    Chap.  nr. 
I  gone  the  same  change,  and  seems  indeed  to  have  been 
I  the  substance  that  first  began  the  absorption  of  oxygen. 

Part  of  it  is  deposited  in  the  state  of  flakes  ;  part  re- 
i  mains  in  solution,  and  disposes  the  vinegar  to  decompo- 
sition. Vinegar  also  contains  a  little  tartar,  and  pro- 
ibably  also  citric  acid.  Malic  acid  is  also  found  in  new 
j  vinegar ;  a  proof  that  this  part  of  the  wine  is  the  last 
1  to  undergo  the  acetous  fermentation. 

6.  Acetous  acid  is  formed  in  many  other  cases  of  the  Acetous 
decomposition  of  vegetables  besides  the  acetous  fermen-  by  other 6 
tation.  These  have  been  pointed  out  with  much  in-  rrocesses* 
genuity  by  Vauquelin  and  Fourcroy.  They  may  be  re- 
duced under  three  heads.  First,  When  sugar,  gum, 
tartar,  wood,  &c.  are  distilled  in  a  retort,  or  even  burnt 
in  the  open  fire,  acetous  acid  separates  in  combination 
wjth  an  empyreumatic  oil  which  distinguishes  its  odour. 
Hence  it  was  mistaken  for  other  acids,  and  distinguished 
by  the  names  of  pyromucous,  pyrolignous,  pyrotartarous 
acids,  till  its  real  nature  was  ascertained  by  these  dis- 
tinguished chemists  *.  Secondly,  When  concentrated 
sulphuric  acid  is  poured  upon  the  same  vegetable  bodies, 
they  are  decomposed  in  a  very  different  manner ;  be- 
ing converted  into  water,  charcoal,  and  acetous  acid. 
Thirdly,  Acetous  acid  is  evolved  in  considerable  quan- 
tity during  the  spontaneous  decomposition  of  urine 
and  some  other  animal  substances.  Thus  it  appears, 
that  the  component  parts  of  acetous  acid  are  extremely 
apt  to  combine  together  in  these  proportions  which  con<- 
stitute  that  important  acid. 


*  Amu  tie  Cbim.  xxxv.  I%T,. 
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SECT.  V. 


OF  PUTREFACTION. 


Nature  of  All  vegetable  substances,  both  complete  plants  and 
putrefac-     tjiejr  comp0nent  parts  separately,  when  left  entirely  to 

themselves,  are  gradually  decomposed  and  destroyed, 
provided  moisture  be  present,  and  the  temperature  be  not 
much  under  45  °,  nor  too  high  to  evaporate  suddenly 
all  the  moisture.  This  decomposition  has  obtained  the 
name  of  putrefaction. 

It  proceeds  with  most  rapidity  in  the  open  air  ;  but 
the  contact  of  air  is  not  absolutely  necessary.  Water 
is  in  all  cases  essential  to  the  process,  and  therefore  is 
most  probably  decomposed. 

Putrefaction  is  constantly  attended  with  a  fetid  odour, 
owing  to  the  emission  of  certain  gaseous  matters, 
which  differ  according  to  the  putrefying  substance. 
Some  vegetable  substances,  as  gluten  and  cruciform 
plants,  emit  ammonia  j  others,  as  onions,  seem  to  emit 
phosphorated  hydrogen  gas.  Carbonic  acid  gas,  and 
hydrogen  gas,  impregnated  with  unknown  vegetable 
matters,  are  almost  constantly  emitted  in  abundance. 
When  the  whole  process  is  finished,  scarcely  any  thing 
remains  but  the  salts,  the  metals,  and  the  earths,  which 
formed  a  constituent  part  of  the  vegetable,  often  com- 
bined with  acetous  and  carbonic  acids.  But  our  che- 
mical knowledge  of  vegetable  compounds  is  still  by  far 
too  limited  to  enable  us  to  follow  this  very  complicated 
process  with  any  chance  of  success. 


BOOK  V. 


OF 

ANIMALS. 


•  W hen  we  compare  animals  and  vegetables  together,  ,  Eo°k v- , 
;each  in  their  most  perfect  state,  nothing  can  be  easier  Animals 
tthan  to  distinguish  them.    The  plant  is  confined  to  a  tables^6" 
[particular  spot,  and  exhibits  no  marks  of  consciousness 

ior  intelligence  ;  the  animal,  on  the  contrary,  can  remove 
at  pleasure  from  one  place  to  another,  is  possessed  of 
^consciousness,  and  a  high  degree  of  intelligence.  But 
i on  approaching  the  contiguous  extremities  of  the  ani- 
;mal  and  vegetable  kingdom,  these  striking  differences 
.gradually  disappear,  the  objects  acquire  a  greater  degree 
i  of  resemblance, and  at  last  approach  each  other  so  nearly, 
that  it  is  scarcely  possible  to  decide  whether  some  of  Not  easily- 

'  distinguish- 

•  those  species  which  are  situated  on  the  very  boundary  e& 
belong  to  the  animal  or  vegetable  kingdom. 

To  draw  a  line  of  distinction,  then,  between  animals 
and  vegetables,  would  be  a  very  difficult  task  :  but  it  is 
not  necessary  at  present  to  attempt  it;  for  almost  the 
only  animals  whose  bodies  have  been  hitherto  examined 
with  any  degree  of  chemical  accuracy,  belong  to  the 
:most  perfect  classes,  and  consequently  are  in  no  danger 
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of  being  confounded  with  plants.  Indeed  the  greater' 
number  of  facts  which  I  have  to  relate,  apply  only  to 
the  human  body,  and  to  those  of  a  few  domestic  ani- 
mate. The  task  of  analysing  all  animal  bodies  is  im- 
mense, and  must  be  the  work  of  ages  of  indefatigable 
industry. 

This  part  of  the  subject  naturally  divides  itself  into 
four  Chapters.  In  the  First  Chapter  I  shall  give  an  ac- 
count of  the  different  ingredients  hitherto  found  in 
animals,  such  of  them  at  least  as  have  been  examined 
with  any  degree  of  accuracy  :  in  the  Second,  I  shall 
treat  of  the  different  members  of  which  animal  bodies 
are  composed;  which  must  consist  each  of  various  com- 
binations of  the  ingredients  described  in  the  First  Chap- 
ter :  in  the  Third,  1  shall  treat  of  those  animal  functions 
which  may  be  elucidated  by  chemistry :  and,  in  the 
Fourth,  of  the  changes  which  animal  bodies  undergq 
after  death. 


CHAP.  I. 

OF  ANIMAL  SUBSTANCES. 


The  substances  which  have  been  hitherto  detected 
in  the  animal  kingdom,  and  of  which  the  different  parts 
of  animals,  as  far  as  th'ese  parts  have  been  analysed,  arc 
found  to  be  composed,  may  be  arranged  under  the  fol- 
lowing heads : 
# 


FIBRINA, 


2. 

5 
6 


Fibrina. 

Albumen. 

Gelatine. 

Mucilage. 

Urea. 

Sugar,  j 

Oils. 


8.  Resins." 

9.  Sulphur. 

10.  Phosphorus. 

11.  Acids. 

12.  Alkalies, 

13.  Earths. 

14.  Metals. 


These  shall  form  the  subject  of  the  following  Sections. 


SECT,  n 


OF  FIBRINA. 

If  a  quantity  of  blood,  newly  drawn  from  an  animal;  How  6b~ 
Ibe  allowed  to  remain  at  rest  for  some  time,  a  thick  red  umc^ 
tclot  gradually  forms  in  it,  and  subsides.    Separate  this 
clot  from  the  rest  of  the  blood,  put  it  into  a  linen  cloth, 
;  and  wash  it  repeatedly  in  water  till  it  ceases  to  give  out 
any  colour  or  taste  to  the  liquid — the  substance  which 
remains  after  this  process  is  denominated  jibrina.  It 
.  has  been  long  known  to  physicians  under  the  name  of 
the  fibrous  part  of  the  blood,  but  lias  not  till  lately  been 
accurately  described. 

Fibrina  is  of  a  white  colour,  has  no  taste,  and  is  in-  Properties, 
soluble  in  water  and  in  alcohol.  It  is  soft  and  ductile, 
has  a  considerable  degree  of  elasticity,  and  resembles  very 
much  the  gluten  of  vegetables.  When  boiled  long  in 
water  it  contracts  considerably,  becornes  harder,  loses 
its  elasticity,  and  becomes  somewhat  brittle. 

The  alkalies  diluted  with  water  have  but  little  action  Action  0f 
on  it,  and  the  earths  none  at  all ;  but  the  fixed  alkalies,  a^alies> 
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,  Eook  v- ,  when  very  much  concentrated,  give  it  a  deep  brown  co- 
lour by  the  assistance  of  heat,  occasion  the  disengage- 
ment of  anlmonia,  and  dissolve  it  entirely,  forming  with  , 
it  a  viscid  bitter  tasted  soap,  decomposable  by  acids.  It 
is  probable  that  the  alkaline  earths  have  the  same  effects 
on  it  *. 

And  acids.       Acids  dissolve  it,  even  when  pretty  much  diluted. 

Sulphuric  acid  gives  it  a  deep  brown  colour,  charcoal  is 
precipitated,  and  water  and  acetous  acid  are  formed. 
Diluted  nitric  acid  occasions  the  disengagement  of  a 
good  deal  of  azotic  gas  j  afterwards,  if  the  heat  be  in- 
creased, prussic  acid  comes  over,  and  carbonic  acid  gas 
mixed  with  nitrous  gas  ;  the  fibrina  is  totally  decompo- 
sed, oxalic  acid  is  formed,  and  yellow  waxy  flakes  make 
their  appearance  in  the  liquid.  Muriatic  acid  dissolves 
it,  and  forms  with  it  a  green-coloured  jelly.  The  ace- 
tous, citric,  oxalic,  and  tartarous  acids  also  dissolve  it  by 
the  assistance  of  heat ;  and  the  solutions,  when  concen- 
trated, assume  the  appearance  of  a  jelly.  Alkalies  pre- 
cipitate the  fibrina  from  acids  in  flakes,  soluble  in  hot 
water,  and  resembling  gelatine  in  its  properties  f . 
Itsdecom-  Fibrina  soon  putrefies  when  allowed  to  remain  in  wa. 
position.  tef)  a  fetid  and  ammoniacal  odour  is  perceived,  and 
the  fibrina  is  converted  into  a  species  of  tallow.  "Whe:i 
distilled  it  yields  water,  carbonat  of  ammonia,  a  thick, 
heavy,  fetid  oil,  zoonic  acid,  and  carbonic  acid,  and  car- 
bonated hydrogen  gas.  The  charcoal  is  brilliant,  and 
difficult  to  incinerate ;  it  leaves,  when  burnt,  a  little 
phosphat  of  lime  p 
Compos!-  These  facts  are  sufficient  to  shew  us  that  this  sub- 
stance is  composed  of  azot,  hydrogen,  and  carbon  ; 


tion. 


*  Fourcroy,  ix.  158.         f  Ibid.          f  Ibid.  1ST- 
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but  neither  the  precise  proportion  of  these  ingredients,  l  Chap,  i. 
nor  the  manner  of  their  combination,  are  at  present 
known.  As  it  yields  more  azotic  gas  and  ammonia 
than  any  other  animal  substance,  we  must  conclude  that 
it  contains  a  greater  proportion  of  azot  than  any  other 
nibstance  known,  unless  urea  be  excepted. 


SECT.  IT. 

OF  ALBUMEN. 

The  eggs  of  fowls  contain  two  very  different  substan-  contained 
:es  :  a  yellow  oily-like  matter,  called  the  yolk  ;  and  a  111  e£S& 
rolourless  glossy  viscid  liquid,  distinguished  by  the 
lame  of  white.  This  last  is  the  substance  which  che- 
mists have  agreed  to  denominate  albumen  *.  The  white 
}f  an  egg,  however,  is  not  pure  albumen.  It  contains, 
combined  with  it,  some  soda  and  some  sulphur  ;  but  as 
dbumen  is  never  found  except  combined  with  these  bo- 
lies,  and  as  no  method  is  known  of  separating  it  without 
it  the  same  time  altering  the  properties  of  the  albumen, 
.hemists  are  obliged  to  examine  it  while  in  combina- 
ion  with  these  bodies. 

Albumen  dissolves  readily  in  water,  and  the  solution 
las  the  property  of  giving  a  green  colour  to  vegetatable 
)lues,  in  consequence  of  the  soda  which  it  contains. 
•<Vhen  albumen  is  heated  to  the  temperature  of  1650  f,  Coagulates 

when 

■  heated. 


*  This  is  merely  the  Latin  term  for  the  white  of  an  egg. 
ttroduced  into  chemistry  hy  the  physiologists, 
f  Cullen. 


It  was  first 


3<j2  ANIMAL  SUBSTANCES, 

.Bo°k  v-  ,  Jt  coagulates  into  a  white  solid  mass;  the  consistency  of 
which,  when  other  tilings  are  equal,  depends,  in  some 
measure,  on  the  time  during  which- the  heat  was  ap- 
plied. The  coagulated  mas3  vhas  precisely  the  same 
weight  that  it  had  while  fluid.  This  property  of  coa* 
gulating  when  heated,  is  characteristic  of  albumen,  and 
distinguishes  it  from  all  other  bodies. 
Phenomena  The  taste  of  coagulated  albumen  is  quite  different 
gulation,      from  that  of  liquid  albumen  :  its  appearance,  too,  and! 

its  properties,  are  entirely  changed  ;  for  it  is  no  longer 
soluble,  as  before,  either  in  hot  or  in  cold  water. 

The  coagulation  of  albumen  takes  place  even  though 
air  be  completely  excluded ;  and  even  when  air  is  pre- 
sent there  is  no  absorption  of  it,  nor  does  albumen  in 
coagulating  change  its  volume  *.  Acids  have  the  pro* 
perty  of  coagulating  albumen,  as  jScheele  ascertained  f. 
Alcohol  also  produces,  in  some  measure,  the  same  ef- 
fect. Heat,  then,  acids,  and  alcohol,  are  the  agents 
which  may  be  employed  to  coagulate  albumen. 

It  is  remarkable,  that  if  albumen  be  diluted  with  a 
sufficient  quantity  of  water,  it  can  no  longer  be  coagu- 
lated by  . any  of  these  agents.    Scheele  mixed  the  white 
of  an  egg  with  ten  times  its  weight  of  water,  and  then, 
though  he  even  toiled  the  liquid,  no  coaguiuni  appear- 
ed.   Acids,  indeed,  and  alcohol,  even  then  coagulated?! 
it ;  but  they  also  lose  their  power  if  the  albumen  be  di- 
luted with  a  much  greater  quantity  of  water,  as  has 
been  ascertained  by  many  experiments.  Now  when  wawi 
ter  is  poured  into  albumen,  its  integrant  pas tides  must 
be  farther  separated  from  each  other,  and  their  distances 
must  increase  with  the  quantity  of  water  with  v>hicl) 


*  Carradori,  Ann,  de  Ghim.  xxix.  98. 


f  Scheele,  U.  j8» 
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tthey  are  diluted.  We  see,  therefore,  that  albumen  ceases  (  Chap,  i.  ^ 
[to  coagulate  whenever  its  -particles  are  separated  from 
Leach  other  beyond  a  certain  distance.  That  no  other 
Lchange  is  produced,  appears  evident  from  this  circum- 
stance, that  whenever  the  watery  solution  of  albumen 
lis  sufficiently  concentrated  by  evaporation,  coagulation 
Itakes  place,  upon  the  application  of  the  proper  agents-, 
precisely  as  formerly. 

It  does  not  appear  that  the  distance  of  the  particles 
cof  albumen  is  changed  by  coagulation  ;  for  coagulated 
ralbumen  occupies  precisely  the  same  sensible  space  as  li-  , 
(.quid  albumen  *. 

Now  to  what  is  the  coagulation  of  albumen  owing  ?  Inclun7  m* 

°  °      to  its  cause, 

1We  can  conceive  no  change  to  take  place  from  a  state 
<of  liquidity  to  that  of  solidity,  without  some  change  in 
i  the  figure  of  the  particles  of  the  body  which  has  under- 
gone that  change.    Now  such  a  change  may  take  place 
three  ways  :    i.  The  figure  may  be  changed  by  the  ad- 
dition of  some  new  molecules  to  each  of  the  molecules 
<of  the  body.  2.  Some  molecules  may  be  abstracted  from 
every  integrant  particle  of  the  body.    3.  Or  the  mole- 
cules, of  which  the  integrant  particles  are  composed, 
may  enter  into  new  combinations,  and  form  new  inte- 
grant particles,  whose  form  is  different  from  that  of  the 
old  integrant  particles.    Some  one  or  other  of  these 
three  things  must  take  place  during  the  coagulation  of 
albumen. 

1.  Scheele  and  Fourcroy  have  ascribed  the  coagula- 
tion of  albumen  to  the  first  of  these  causes,  namely,  to 
the  addition  of  a  new  substance.  According  to  Scheele, 
caloric  is  -  the  substance  which  is  added.  Fourcroy,  on 
the  contrary,  affirms  that  it  is  oxygen. 


#  Carradori. 
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, Book  v-  ,  Scheele  supported  his  opinion  with  that  wonderful  iri- 
Ascribed  to  genuity  which  shone  so  eminently  in  every  thing  which 
taIonc'  he  did.  He  mixed  together  one  part  of  white  of  egg 
and  four  parts  of  water,  added  a  little  pure  alkali,  and 
then  dropt  in  as  much  muriatic  acid  as  was  sufficient 
to  saturate  the  alkali.  The  albumen  coagulated  :  but 
when  he  repeated  the  experiment,  and  used  carbonat  of 
alkali  instead  of  pure  alkali,  no  coagulation  ensued.  In 
the  first  case,  says  he,  there  was  a  double  decomposi- 
tion :  the  muriatic  acid  separated  from  a  quantity  of  ca- 
loric with  which  it  was  combined,  and  united  with  the 
alkali ;  while,  at  the  same  instant,  the  caloric  of  the 
acid  united  with  the  albumen,  and  caused  it  to  coagu- 
late. The  same  combination  could  not  take  place  when 
the  alkaline  carbonat  was  used,  because  the  carbonic 
acid  gas  carried  off  the  caloric,  for  which  it  has  a  strong 
affinity  *. 

To  oxygen.  Fourcroy  observes,  in  support  of  his  opinion,  that  the 
white  of  an  egg  is  not  at  first  capable  of  forming  a  hard 
coagulum,  and  that  it  only  acquires  that  property  by 
exposure  to  the  asmosphere.  It  is  well  known  that  the 
white  of  a  new  laid  egg  is  milky  after  boiling  ;  and  that 
if  the  shell  be  covered  over  with  grease  to  exclude  the 
external  air,  it  continues  long  in  that  state  ;  whereas  the 
white  of  an  old  egg,  which  has  not  been  preserved  in 
that  manner,  forms  a  very  hard  tough  coagulum.  These 
facts  are  undoubted  ;  and  they  render  it  exceedingly  pro- 
bable, that  albumen  acquires  the  property  of  forming  a 
hard  coagulum  only  by  absorbing  oxygen  :  but  they  by 
no  means  prove  that  coagulation  itself  is  owing  to  such 
an  absorption.   And  since  coagulation  takes  place  with- 


*  Stheele,  ii.  58. 
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tout  the  presence  of  air,  and  since  no  air,  even  when  it  Chap.i. 
is  present,  is  absorbed,  this  opinion  cannot  be  maintain- 
ed without  inconsistency. 

2.  The  only  substance  which  can  be  supposed  to 
leave  albumen  during  coagulation,  since  it  does  not  lose 
i  its  weight,  is  caloric.  We  know  that  in  most  cases  where 
a  fluid  is  converted  into  a  solid,  caloric  is  actually  dis- 
engaged.   It  is  extremely  probable,  then,  that  the  same 
i  disengagement  takes  place  here.    But  the  opinion  has 
mot  been  confirmed  by  any  proof.    Fourcroy  indeed 
says,  that  in  an  experiment  made  by  him,  the  thermo- 
meter rose  a  great  number  of  degrees.    But  as  no  other 
; person  has  ever  been  able  to  observe  any  such  thing,  it 
.cannot  be  doubted  that  this  philosopher  has  been  misled 
iby  some  circumstance  or  other  to  which  he  did  not  at- 
itend  *. 

3.  The  coagulation  of  albumen  resembles  exactly  its  real 
iwhat  takes  place  when  concentrated  silicated  potass  is  causc" 
(exactly  saturated  with  muriatic  acid.    The  mass  slowly 
.assumes  an  opal  colour,  and  at  last  concretes  into  a  solid 
(gelatinous  mass.  Now  this  jelly  consists  of  the  particles 

iof  silica  combined  with  each  other,  and  with  a  certain 
iportion  of  water.  These  particles  were  formerly  held 
iin  solution  by  the  potass  ;  that  is  to  say,  the  affinity  of 
isilica  for  potass  was  superior  to  the  cohesive  force  which 
texists  between  the  particles  of  silica.  The  muriatic 
:acid,  by  saturating  the  potass,  diminished  the  force  of 
iits  affinity  for  the  silica.  The  cohesive  force'  of  the  si- 
lica, now  superior,  causes  it  to  combine  in  masses,  con- 
sisting of  a  certain  portion  of  silica  and  water.  These 
kmasses,  equally  diffused  through  the  liquid,  and  at  such 


*  Thomson's  Fourcroy,  in..  271. 
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.  Book  v- ,  sftiall  intervals  as  to  cohere  together,  gives  the  whole  i 
gelatinous  form.    Something  like  this  seems  to  take 
place  with  respect  to  the  albumen.    Its  particles,  conn 
bined  with  water  and  also  with  soda,  are  all  kept  at 
equal  distances  in  the  liquid;  because  this  affinity  just 
balances  their  cohesive  force.-  But  when  heat  is  applied, 
this  affinity  is  diminished  by  the  additional  elasticity,  on 
tendency  to  separate,  given  to  the  water  and  the  soda.  \ 
The  cohesion  of  the  albumen,  now  superior,  causes  its 
particles  to  combine  in  sets,  forming  solid  bodies,  equal- ! 
ly  distant  from  each  other,  and  cohering  together* 
Hence  the  gelatinous  form,  and  the  solidity  of  the  coaJ 
gulum,  always  inversely  proportional  to  the  quantity  of; 
water  present.    Thus  it  appears,  that  whatever  dimi-  \ 
•nishes  the  affinity  between  the  water  and  soda  and  the 
albumen,  occasions  its  coagulation,  by  allowing  its  co- 
hesive force  to  act. 
Action  of        If  the  solution  of  tan  be  poured  into  an  aqueous  soM 
albumen.     lution  of  uncoagulated  albumen,  it  forms  with  it  a  very  ! 

copious  yellow  precipitate  of  the  consistence  of  pitch, 
and  insoluble  in  water.    This  precipitate  is  a  combina-  ' 
tion  of  tan  and  albumen.    When  dry  it  is  brittle,  like 
over-tanned  leather,  and  is  not  susceptible  ofputrefaci, 
tion.    This  property  which  albumen  has  of  precipita- 
ting with  tan  was  discovered  by  Seguin  *  :  it  furnishes 
us  with  a  method  of  detecting  the  presence  of  albumen 
in  any  liquid  in  which  we  suspect  it.    Several  of  the 
metallic  salts  occasion  a  precipitate  in  solutions  of  al- 
bumen.   The  precipitate  is  a  combination  of  the  albu-] 
men  with  the  oxide,  which  is  often  brought  nearer  to 
the  metallic  state. 


*  Nicholson's  Journal,  i.  271. 
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Pure  alkalies  and  alkaline  earths  dissolve  albumen ;  at     Chap.  I, 
:he  same  time  ammonia  is  disengaged,  owing  to  the  de-  Action  of 
omposition  of  part  of  the. albumen.    Acids  precipitate  alkalies> 
,  he  albumen  from  alkalies,  but  its  properties  are  chan- 
ged *. 

Coagulated  albumen  is  dissolved  by  the  mineral  acids  And  acids, 
greatly  diluted  with  water ;  and  if  a  concentrated  acid 
ioe#  added  to  the  solution,  the  albumen  is  again  precipi- 
tated f .  Alkalies,  however,  do  not  precipitate  it  from 
ts  solution  in  acids J.  But  if  a  solution  of  tan  be  pour- 
:d  into  the  acid  solution  of  albumen,  a  very  copious 
precipitate  appears  §. 

Nitric  acid,  when  assisted  by  heat,  disengages  azotic 
;as  from  albumen  ||  ;  but  the  quantity  is  not  so  great 
ss  may  be  obtained  from  fibrina^f.  The  albumen  is 
radually  dissolved,  nitrous  gas  is  emitted,  oxalic  and 
malic  acids  are  formed,  and  a  thick  oily  matter  makes 
Is  appearance  on  the  surface  **.  When  distilled  it  fur- 
bishes the  same  products  as  "fibrina,  only  the  quantity  of 
tmmonia  is  not  so  great  ff. 

Hence  it  follows,  that  albumen  is  composed  of  azot,  it5Compo- 
vydrogen,  and  carbon,  as  well  as  fibrina  ;  but  the  pro-  sitl0n< 
•  onion  of  azot  is  not  so  great  in  the  first  substance  as 
n  the  second. 


<  '<  Scheelc,  ii.  57.  f  Ibid.  \  Vauquelin,  Ann.  de  Cb'im.  xxix.  15. 

Ibid.  (J  Scheele  and  Berthollet. 

(  Fourcroy,  Ann.  de  Cb'im.  i.  41. 
►*»  Scheele,  Crell's  Annals,  ii.  17.  English  Translation1, 

•f  Fourcroy,  Ann.  de  dim.  i.  43. 
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SECT.  III. 


OF  GELATINE. 


How  ob- 
tained. 


Its  proper- 
ties. 


If  a  piece  of  the  fresh  skin  of  an  animal,  an  ox,  for 
instance,  after  the  hair  and  every  impurity  is  carefully 
separated,  be  washed  repeatedly  in  cold  water  till  the 
liquid  ceases  to  be  coloured,  or  to  abstract  any  thing  ;j 
if  the  skin,  thus  purified,  be  put  into  a  quantity  of  pure 
water,  and  boiled  for  some  time,  part  of  it  will  be  dis- 
solved. Let  the  decoction  be  slowly  evaporated  till  it  is 
reduced  to  a  small  quantity,  and  then  put  aside  to  cool. 
When  cold,  it  will  be  found  to  have  assumed  a  solid 
form,  and  to  resemble  precisely  that  tremulous  sub- 
stance well  known  to  every  body  under  the  name  of  jel- 
ly. This  is  the  substance  called  in  chemistry  gelatine. 
If  the  evaporation  be  still  farther  continued,  by  exposing 
the  jelly  to  dry  air,  it  becomes  hard,  semitransparent, 
breaks  with  a  glassy  fracture,  and  is  in  short  the  sub- 
stance so  much  employed  in  different  arts  under  the 
name  of  glue.  Gelatine,  then,  is  precisely  the  same 
with  glue  ;  only  that  it  must  be  supposed  always  free 
from  those  impurities  with  which  glue  is  so  often  con- 
taminated. 

Gelatine  is  transparent  and  colourless ;  when  thrown 
into  water,  it  very  soon  swells,  and  assumes  a  gelati- 
nous form,  and  gradually  dissolves  completely.  By  eva- 
porating the  water,  it  may  be  obtained  again  unaltered 
in  the  form  of  jelly.  Cold  water  dissolves  it  slowly, 
but  water  at  the  temperature  of  90°  dissolves  it  rapidly. 
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fence  the  difficulty  of  obtaining  jellies  in  very  warm  ChajU. 
weather.    The  property  of  assuming  a  gelatinous  form 
is  characteristic  of  gelatine. 

Alkalies  dissolve  gelatine,  especially  when  assisted  Action  of 
by  heat.  The  acids  dissolve  it  with  great  facility,  even  an(i  acySj 
when  diluted.  Nitric  acid  disengages  from  it  a  small 
quantity  of  azotic  gas ;  dissolves  it  when  assisted  by  heat, 
excepting  an  oily  matter,  which  appears  on  the  surface 
of  the  solution ;  and  converts  it  partly  into  oxalic  and 
malic  acids  *. 

Gelatine  is  insoluble  in  alcohol,  and  is  even  precipi-  Of  alcohol, 
tated  from  water  when  very  much  concentrated  :  but 
a  weak  solution  of  gelatine  in  water  may  be  mixed  with 
-J-th  its  weight  of  alcohol  without  any  precipitation.  It 
is  in  this  state  that  solutions  of  gelatine  are  usually  pre- 
served by  chemists. 

When  the  solution  of  tan  is  dropt  into  gelatine,  a  co-  °^ tan' 
pious  yellowish  white  precipitate  appears,  which  soon 
forms  an  elastic  adhesive  mass,  not  unlike  vegetable 
gluten.  This  precipitate  is  composed  of  gelatine  and 
tan  ;  it  soon  dries  in  the  open  air,  and  forms  a  brittle 
resinous-like  substance,  insoluble  in  water,  capable  of 
resisting  the  greater  number  of  chemical  agents,  and 
not  susceptible  of  putrefaction.  It  resembles  exactly 
overtanned  leather. 

Heat  decomposes  gelatine  completely  like  other  ani-  of  heat, 
mal  substances.  When  distilled  in  a  retort,  it  yields 
water  impregnated  with  ammonia,  a  thick  fetid  oil,  zoo- 
nat  of  ammonia,  and  a  porous  charcoal,  easily  burnt, 
and  leaving  behind  a  little  phosphat  of  lime,  and  some 
muriat  of  potass  and  of  sodaj-. 


*  Schcele,  C'relTs  Annals,  ii.  17.  English  Trans.      -j-  Fourcroy,  ix.  233. 
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When  gelatine  is  allowed  to  remain  dissolved  in  wa- 
ter, it  first  acquires  acid  properties,  and  then  putrefies. 
This  substance  has  been  compared  to  gum,  which  it  re- 
sembles indeed  in  many  of  its  properties,  but  from 
which  it  differs  in  several  others.  Its  uses  in  the  state 
of  glue  are  various  and  important ;  and  in  the  state  of 
jelly,  or  dissolved  in  soup,  it  constitutes  one  of  the 
most  nourishing  articles  of  the  food  of  man. 


SECT.  IV. 

OF  ANIMAL  MUCILAGE. 

No  word  in  chemistry  is  used  with  less  accuracy  than 
mucilage.  It  serves  as  a  common  name  for  almost  every 
animal  substance  which  cannot  be  referred  to  any  other 
class. 

None  of  the  substances  to  which  the  name  of  animal 
mucilage  has  been  given  have  been  examined  with  care; 
of  course  it  is  unknown  whether  these  substances  be  the 
same  or  different. 

Whenever  an  animal  substance  possesses  the  follow- 
ing properties,  it  is  at  present  denominated  an  animal 
mucilage  by  chemists. 

1.  Soluble  in  water. 

2.  Insoluble  in  alcohol. 

3.  Neither  coagulable  by  heat,  nor  concreting  into  a 
jelly  by  evaporation. 

4.  Not  precipitated  by  the  solution  of  tan. 

Most  of  the  substances  called  mucilage  have  also  the 
property  of  absorbing  oxygen,  and  of  becoming  by  that 


UREA. 

means  insoluble  in  water.  They  resemble  vegetable  ex- 
tract in  this  respect. 

q.  The  mucilaginous  substances  shall  be  pointed  out  in 
the  next  Chapter.  In  the  present  state  of  our  know- 
ledge, any  account  of  them  here  would  merely  be  a  re- 
petition of  the  properties  just  mentioned. 


SECT.  V. 


OF  UREA. 


EA  may  be  obtained  by  the  following  process  :  E-  j^ow  ^ 
vaporate  by  a  gentle  heat  a  quantity  of  human  urine  tained. 
voided  six  or  eight  hours  after  a  meal,  till  it  be  redu- 
ced to  the  consistence  of  a  thick  syrup.  In  this  state, 
when  put  by  to  cool,  it  concretes  into  a  crystalline 
imass.  Pour,  at  different  times,  upon  this  mass  four 
I  times  its  weight  of  alcohol,  and  apply  a  gentleTieat ;  a 
igreat  part  of  the  mass  will  be  dissolved,  and  there  will 
remain  only  a  number  of  saline  substances.  Pour  the 
;alcohol  solution  into  a  retort,  and  distil  by  thejieat  of  a 
fsand-bath  till  the  liquid,  after  boiling  some  time,  is  re- 
(duced  to  the  consistence  of  a  thick  syrnp.  The  whole 
tof  the  alcohol  is  now  separated,  and  what  remains  in  the 
iretort  crystallizes  as  it  cools.  These  crystals  consist  of 
ithe  substance  known  by  the  name  of  urea*' 

It  was  first  described  by  Rouelle  the.  Younger  in  Discovery. 
11773,  under  the  name  of  the  saponaceous  extract  of 
mrine.    He  mentioned  several  of  its  properties ;  but 


*  Fourcroy  an  J  Vauquclir,  Ann.  dc  Cbim.  xxxii.  86. 
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,  Eo°k  v> ,  very  little  was  known  concerning  its  nature  till  Four- 
croy  and  Vauquelin  published  their  experiments  on  it 
in  1799.  These  celebrated  chemists  have  given  it  the 
name  of  urea,  which  has  been  generally  adopted. 

Properties       Urea,  obtained  in  this  manner,  has  the  form  of  cry- 
stalline plates  crossing  each  other  in  different  directions, 
Its  colour  is  yellowish-white  :  it  has  a  fetid  smell,  some- 
what  resembling  that  of  garlic  or  arsenic  ;  its  taste  is  ] 
strong  and  acrid,  resembling  that  of  ammoniacal  salts  ;  ? 
it  is  very  viscid  and  difficult  to  cut,  and  has  a  good 
deal  of  resemblance  to  thick  honey*.    When  exposed , 
tothe  open  air,  it  very  soon  attracts  moisture,  and  is  j 
converted  into  a  thick  brown  liquid.    It  is  extremely 
soluble  in  water;  and  during  its  solution  a  considerable  1 
degree  of  cold  is  produced  f.    Alcohol  dissolves  it  with 
facility,  but  scarcely  in  so  large  a  proportion  as  water.] 
The  alcohol  solution  yields  crystals  much  more  readily 
on  evaporation  than  the  solution  in  water. 

Crystallizes      When  nitric  acid  is  dropt  into  a  concentrated  solution 

arid1  nimC  °^  urea  *n  water»  a  g'reat  number  of  bright  pearl-co-1 
loured  crystals  are  deposited,  composed  of  urea  and  ni- 
tric acid.  No  other  acid  produces  this  singular  effect, 
The  concentrated  solution  of  urea  in  water  is  brown, 
but  it  becomes  yellow  when  diluted  with  a  large  quan- 
tity of  water.  The  infusion  of  nutgalls  gives  it  a  yel-f 
lowish  brown  colour,  but  causes  no  precipitate.  Nei- 
ther does  the  infusion  of  tan  produce  any  precipitate;}:.  J 

Action  of        When  heat  is  applied  to  urea,  it  very  soon  melts. 

swells  up  and  evaporates  with  an  insupportably  fetidA 
odour.    When  distilled,  there  comes  over  first  benzoic 


*  Fourcroy  and  Vauquclin,  Ann.  dc  Ch'm.  xxxii.  87. 
I  Ibid.  p.  88.  t  lbi<*- 
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acid,  then  carbonat  of  ammonia  in  crystals,  some  carbo-  Chap.t 
;nated  hydrogen  gas,  with  traces  of  prussic  acid  and  oil; 
,  and  there  remains  behind  a  large  residuum,  composed  of 
charcoal,  muriat  of  ammonia,  and  muriat  of  soda.  The 
distillation  is  accompanied  with  an  almost  insupporta- 
bly  fetid  alliaceous  odour.    Two  hundred  and  eighty- 
eight  parts  of  urea  yield  by  distillation  200  parts  of  car- 
bonat of  ammonia,  10  parts  of  carbonated  hydrogen  gas, 
7  parts  of  charcoal,  and  68  parts  of  benzoic  acid,  muri- 
at of  soda,  and  muriat  of  ammonia.    These  three  last 
ingredients  Fourcroy  and  Vauquelin  consider  as  foreign 
substances,  separated  from  the  urine  by  the  alcohol  at 
the  same  time  with  the  urea.    Hence  it  follows,  that 
ico  parts  of  urea,  when  distilled,  yield 
92.027  carbonat  of  ammonia 
4.608  carbonated  hydrogen  gas 
3.225  charcoal 
99.860 

Now  200  parts  of  carbonat  of  ammonia,  according  to 
Fourcroy  and  Vauquelin,  are  composed  of  86  ammonia, 
90  carbonic  acid  gas,  and  24  water.    Hence  it  follows,  Composi- 
that  100  parts  of  urea  are  composed  of 
'    39-5  oxygen 

32.5  azot 

14,7  carbon 

13.3  hydrogen 


100. o 


But  it  can  scarcely  be  doubted  that  the  water  which 
was  found  in  the  carbonat  of  ammonia  existed  ready 
formed  in  the  urea  before  the  distillation*. 


*  Ann.  de  Chim.  xxxii.  88. 
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Book  v.  When  the  solution  of  urea  in  water  is  kept  in  a  boil- 
mg  heat,  and  new  water  is  added  as  it  evaporates,  the 
urea  is  gradually  decomposed,  a  very  great  quantity  of 
carbonat  of  ammonia  is  disengaged,  and  at  the  same 
time  acetous  acid  is  formed,  and  some  charcoal  precipi- 
tates *. 

Putrefac-  When  a  solution  of  urea  in  water  is  left  to  itself  for 
some  time,  it  is  gradually  decomposed.  A  froth  col- 
lects on  its  surface  ;  air  bubbles  are  emitted  which  have 
a  strong  disagreeable  smell,  in  which  ammonia  and  ace- 
tous acid  are  distinguishable.  The  liquid  contains  a 
quantity  of  acetous  acid.  The  decomposition  is  much 
more  rapid  if  a  little  gelatine  be  added  to  the  solution. 
In  that  case  more  ammonia  is  disengaged,  and  the  pro- 
portion of  acetous  acid  is  not  so  great  f. 

Action  of        When  trfe  solution  of  urea  is  mixed  with  one-fourth 

acid*111"0  °f  *ts  weight  of  diluted  sulphuric  acid,  no  effervescence 
takes  place  ;  but,  on  the  application  of  heat,  a  quantity 
of  oil  appears  on  the  surface,  which  concretes  upon 
cooling  ;  the  liquid  which  come3  over  into  the  receiver 
contains  acetous  acid,  and  a  quantity  of  sulphat  of  am- 
monia remains  in  the  retort  dissolved  in  the  undistil- 
led  mass.  By  repeated  distillations,  the  whole  of  the 
urea  is  converted  into  acetous  acid  and  ammonia}. 

Nitric  acid,  When  nitric  acid  is  poured  upon  crystallized  urea,  a 
violent  effervescence  takes  place,  the  mixture  frothes, 
assumes  the  form  of  a  dark  red  liquid,  great  quantities 
of  nitrous  gas,  azotic  gas,  and  carbonic  acid  gas,  are 
disengaged.  When  the  effervescence  is  over,  there  re- 
mains only  a  concrete  white  matter,  with  some  drops  of 
reddish  liquid.   When  heat  is  applied  to  this  residuum, 


*  Ann.  (ft  Qbim.  xxxii.  96.  f  Ibid.  .  J  Ibid.  p.  104, 
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it  detonates  like  nitrat  of  ammonia.    Into  a  solution  of  Chap.i. 

limn  ■  -y  I  J 

urea,  formed  by  its  attracting  moisture  from  the  atmo- 
sphere, an  equal  quantity  of  nitric  acid,  of  the  specific 
.gravity  1.460,  diluted  with  twice  its  weight  of  water, 
iwas  added  ;  a  gentle  effervescence  ensued :  a  very  small 
rheat  was  applied,  which  supported  the  effervescence  for 
ttwo  days.  There  was  disengaged  the  first  day  a  great 
^quantity  of  azotic  gas  and  carbonic  acid  gas  ;  the  se- 
ccond  day,  carbonic  acid  gas,  and  at  last  nitrous  gas.  At 
tthe  same  time  with  the  nitrous  gas  the  smell  of  the 
coxy-prussic  acid  of  Berthollet  was  perceptible.  At  the 
tend  of.  the  second  day,  the  matter  in  the  retort,  which 
vwas  become  thick,  took  fire,  and  burnt  with  a  violent 
eexplosion.  The  residuum  contained  traces  of  prussic 
lacid  and  ammonia.  The  receiver  contained  a  yellow- 
iish  acid  liquor,  on  the  surface  of  which  some  drops  of 
(oil  swam*. 

Muriatic  acid  dissolves  urea,  but  does  not  alter  it.  Muriatic, 
(Oxy-muriatic  acid  gas  is  absorbed  very  rapidly  by  a  muriatic 
(diluted  solution  of  urea  ;  small  whitish  flakes  1  appear,  a 
iwhich  scon  become  brown,  and  adhere  to  the  sides  of 
tthe  vessel  like  a  concrete  oil.    After  a  considerable 
•  quantity  of  oxy-inuriatic  acid  had  been  absorbed,  the 
solution,  left  to  itself,  continued  to  effervesce  exceeding 
slovily,  and  to  emit  carbonic  acid  and  azotic  gas.  Af- 
:ter  this  effervescence  was  over,  the  liquid  contained  mu- 
riat  and  carbonat  of  ammonia. 

Urea  is  dissolved  very  rapidly  by  a  solution  of  potass  Action  of 
i#r  soda,  and  at  the  same  time  a  quantity  of  ammonia  is  alkalies* 
(disengaged  j  the  same  substance  is  disengaged  when 
'  urea  is  treated  with  bary tes,  lime,  or  even  magnesia. 


*  Ann.  de  dim,  xxxii.  IOJ. 
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•  Hence  it  is  evident,  that  this  appearance  must  be  ascri. 
bed  to  the  muriat  of  ammonia,  with  which  it  is  con- 
stantly  mixed.  When  pure  solid  potass  is  triturated 
with  urea,  heat  is  produced,  a  great  quantity  of  ammo- 
nia is  disengaged.  The  mixture  becomes  brown,  and  a 
substance  is  deposited,  having  the  appearance  of  an  em- 
pyreumatic  oil.  One  part  of  urea  and  two  of  potass, 
dissolved  in  four  times  its  weight  of  water,  when  dis- 
tilled give  out  a  great  quantity  of  ammoniacal  water  ; 
the  residuum  contains  acetite  and  carbonat  of  potass*. 

When  muriat  of  soda  is  dissolved  in  a  solution  of 
urea  in  water,  it  is  obtained  by  evaporation,  not  in  cu- 
bic crystals,  its  usual  form,  but  in  regular  octahe- 
drons. Muriat  of  ammonia,  on  the  contrary,  which 
crystallizes  naturally  in  octahedrons,  is  converted  into 
cubes,  by  dissolving  and  crystallizing  it  in  the  solution 
of  urea. 

Such  are  the  properties  of  this  singular  substance,  as 
far  as  they  have  been  ascertained  by  the  experiments  of 
Fourcroy  and  Vauquelin.  It  differs  from  all  animal 
substances  hitherto  examined,  in  the  great  proportion 
of  azot  which  enters  into  its  composition,  and  in  the  fa- 
cility with  which  it  is  decomposed,  even  by  the  heat  of 
boiling  water. 


*  Ann,  dc  Cb\m.  Mxii.  107. 
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SECT.  VI. 


OF  SUGAR. 

Sugar  has  never  been  found  in  animals  in  every  re- 
spect similar  to  the  sugar  of  vegetables  ;  but  there  are 
certain  animal  substances  which  have  so  many  proper- 
ties in  common  with  sugar,  that  they  can  scarcely  be 
arranged  under  any  other  name.    These  substances  are, 

1.  Sugar  of  milk, 

2.  Honey,- 

3.  Sugar  of  diabetic  urine. 

1.  Sugar  of  milk  may  be  obtained  by  the  following  Su^arof 
process  :  Let  fresh  whey  be  evaporated  to  the  consist-  nuUt' 
ence  of  honey,  and  then  allowed  to  cool.    It  concretes 
into  a  solid  mass.    Dissolve  this  mass  in  water,  clarify 
it  with  the  white  of  eggs,  nitre  and  evaporate  to  the 
consistence  of  a  syrup  :  it  deposites  on  cooling  a  num- 
ber of  brilliant  white  cubic  crystals,  which  are  sugar  of 
milk.  Fabricius  Bartholet,  an  Italian,  was  the  first  Eu- 
ropean who  mentioned  this  sugar.    He  described  it  in 
his  Encyclopedia  Hermetico  dogmatica,  published  at 
Boulognia  in  161 9  ;  but  it  seems  to  have  been  known 
in  India  long  before  that  period.    For  the  best  account 
of  its  properties  we  are  indebted  to  Mr  Lichtenstein. 

When  pure  it  has  a  white  colour,  a  sweetish  taste,  Its  proper- 
and  no  smell.    Its  crystals  are  semitransparent  regular 
parallelopipeds,  terminated  by  four-sided  pyramids.  Its 
specific  gravity,  at  the  temperature  of  550,  is  1.543. 
At  that  temperature  it  is  soluble  in  seven  times  ifs 
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t  Bo°k  v- ,  weight  of  water  ;  but  is  perfectly  insoluble  in  alcohol. 

When  burnt,  it  emits  the  odour  of  caromel,  and  cxhi.. 
bits  precisely  the  appearance  of  burning  sugar.  WheaJ 
distilled,  it  yields  the  same  products  as  sugar,  only  the 
empyreumatic  oil  obtained  has  the  odour  of  benzoic 
acid  *.   When  treated  with  nitric  acid  it  yields  mucoun 
acid. 

Honey         3i  Honey  is  prepared  by  bees,  and  perhaps  rather  be- 
longs to  the  vegetable  than  the  animal  kingdom.  It 
has  a  white  or  yellowish  colour,  a  soft  and  grained  con- 
sistence, a  saccharine  and  aromatic  smell.   By  distilla-' 
tion  it  affords  an  acid  phlegm  and  an  oil,  and  its  coal 
is  light  and  spongy  like  that  of  the  mucilages  of  plantsJ 
Nitric  acid  extracts  from  it  oxalic  acid  precisely  ad 
it  does  from  sugar :    It  is  very  soluble  in  waterJ 
with  which  it  forms  a  syrup,  and  like  sugar  passes  tol 
the  vinous  fermentation.     Mr  Cavezzali  has  proved  ; 
lately  that  honey  is  composed  of  sugar,  mncikjre,  and  > 
Composed        acid.    The  sugar  may  be  separated  by  melting  the  1 

ot  sugar  o  J  r  j  •-£> 

and  an  a-     honey,  adding  carbonat  of  lime  in  powder  as  long  as  any  '' 
effervescence  appears,  and  scumming  the  solution  while 
hot.    The  liquid  thus  treated  gradually  deposites  cry»| 
stals  of  sugar  when  allowed  to  remain  in  a  glass  ves-.! 
self- 

3.  The  urine  of  persons  labouring  under  the  disease  ! 
known  to  physicians  by  the  name  of  diabetes,  yields,  G 
when  evaporated,  a  considerable  quantity  of  matte™ 
which  possesses  the  properties  of  sugar. 


*  Schcele,  ii.  70. 

\  Ann.  de  Cbim.  XXxix.  1 10, 
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SECT.  VII. 


OF  OILS. 


[The  oily  substances  found  in  animals  may  be  arran- 
ged under  three  heads:  i.  Liquid  oils;  2.  Fat;  3.  Sper- 
maceti. 

The  liquid  oils  are  obtained  chiefly  from  different 
inds  of  fish,  as  the  whale,  &c.  They  possess  the  pro- 
erties  of  fixed  oils,  are  more  or  less  contaminated  with 
xucilage,  and  have  a  fetid  odour. 

%2.  Fat  is  a  well  known  substance  found  in  all  ani-  Fat  and 
uals.  Its  consistency  varies  considerably;  but  when  a.ow*- 
Did  it  is  always  more  or  less  solid.  When  exposed 
>ng  to  the  air,  several  species  of  it  acquire  consisten- 
cy, and  then  it  is  known  by  the"  name  of  tallow ;  a  sub- 
tan  ce  which  is-  also  found  ready  formed  in  animals,  and 
luch  employed  in  the  manufacture  of  soap  and  of  can* 
les. 

It  has  a  white  colour,  often  with  a  shade  of  yellow.  Its  proper- 

tics* 

When  fresh  it  has  no  smell,  and  but  little  taste.  While 
old,  it  is  hard  and  brittle  ;  but  when  exposed  to  the 
c-eat  of  9  2°,  it  melts,  and  assumes  the  appearance  of  oil. 
"he  fat,  however,  which  is  extracted  from  flesh  by  boil- 
lg,  does  not  melttill  it  reaches  the  temperature  "of  1270*. 
allow  or  fat  has,  in  other  respects,  the  properties  of 
>xed  oils.  When  strongly  heated  with  contact  of  air, 
emits  a  smoke  of  a  penetrating  smell,  which  excites 


*  Nicholson's  Journal,,  i.  fu 
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tears  and  coughing,  and  takes  fire  when  sufficiently  heat* 
ed  to  be  volatilized :  the  charcoal  it  affords  is  not  abun- 
dant. If  fat  be  distilled  on  a  water-bath,  an  insipid 
water,  of  a  slight  animal  smell,  is  obtained,  which  is 
neither  acid  nor  alkaline,  but  which  soon  acquires  a  pu. 
trid  smell,  and  deposites  filaments  of  a  mucilaginous  na. 
ture.  This  phenomenon,  which  takes  place  with  the 
water  obtained  by  distillation  on  the  water-bath  from 
any  animal  substance,  proves  that  this  fluid  carries  up 
with  it  a  mucilaginous  principle,  which  is  the  cause  of 
its  alteration.  Fat,  distilled  in  a  retort,  affords  phlegm, 
at  first  aqueous,  and  afterwards  strongly  acid  ;  an  oil, 
partly  liquid,  and  partly  concrete  ;  and  a  very  small 
quantity  of  charcoal,  exceedingly  difficult  to  incinerate, 
in  which  Crell  found  a  small  quantity  of  phosphat  of 
lime.  These  products  have  an  acid  and  penetrating 
smell,  as  strong  as  that  of  sulphurous  acid.  The  acid 
is  the  sebacic,  and  is  probably  formed  during  the  pro- 
cess. 

Oxide  of         When  a  little  nitric  acid  is  poured  upon  fat,  and  a 

I  at*. 

moderate  heat  applied,  the  acid  deposites  its  oxygen, 

and  converts  the  fat  into  a  yellow-coloured  ointment, 

which  Fourcroy  considers  as  an  oxide  of  fat,  and  which 

is  said  to  have  been  employed  with  great  success  in 

France  in  external  venereal  affections. 

Properties        ^  Spermaceti  is  an  oily,  concrete,  crystalline,  semi- 

of  sperma-  J        ,  .  . 

ceti.  transparent  matter,  of  a  peculiar  smell,  which  is  taken 

out  of  the  cavity  of  the  cranium  of  the  cachalot ;  it  is 
purefied  by  liquefaction,  and  the  separation  of  another 
fluid  and  inconcrescible  oil,  with  which  it  is  mixed. 
This  substance  exhibits  very  singular  chemical  proper- 
ties ;  for  it  resembles  fixed  oils  in  some  respects,  and 
volatile  oils  in  others. 


RESINS.  3$i 

When  heated  to  the  temperature  of  1 33 0  *,  it  melts  ;  Chap. I. 
nd  if  the  heat  be  increased,  it  evaporates  without  much 
Iteration.  When  repeatedly  distilled,  however,  it  loses 
:s  solid  form,  and  becomes  like  oil.  When  heated  in 
ontact  with  air,  it  takes  fire,  and  burns  uniformly  with- 
ut  any  disagreeable  odour :  hence  its  use  in  making 
andles. 

By  long  exposure  in  hot  air  it  becomes  yellow  and 
ancid.  Pure  alkali  combines  with  it,  and  forms  a  soap. 
Jitric  and  muriatic  acids  do  not  affect  it,  but  sulphuric 
cid  dissolves  it  and  alters  its  colour. 


SECT.  VIIL 


OF  ANIMAL  RESINS. 


Substances  resembling  resins  are  found  in  different 
mimal  bodies,  and  which  for  that  reason  may  be  called 
mimal  resins.  The  most  important  of  them  is  the  sub- 
itance  which  constitutes  the  basis  of  the  bile.  It  may  ^Lbg^ 
je  obtained  by  the  following  process  :  Into  32  parts  of  the  resin  of 
Tesh  ox  bile  pour  one  part  of  concentrated  muriatic 
icid.  After  the  mixture  has  stood  for  some  hours,  pass 
t  through  a  filter,  in  order  to  separate  a  white  coagu- 
ated  substance.  Pour  the  filtrated  liquor,  which  has  a 
ine  green  colour,  into  a  glass  vessel,  and  evaporate  it  by 
1  moderate  heat.  When  it  has  arrived  at  a  certain  de- 
fcgree  of  concentration,  a  green-coloured  substance  pre- 
cipitates.   Decant  off  the  clear  liquid,  and  wash  the 


*  Nicholson's  'Journal,  i.  71, 
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precipitate  in  a  small  quantity  of  pure  water.  This  pre- 
cipitate is  the  basis  of  bile,  or  the  resin  of  bile  as  it  is 
sometimes  called  *. 

The  resin  of  bile  is  of  a  dark  green  colour;  but  when 
spread  out  upon  paper  or  on  wood,  it  is  a  fine  grass' 
green  :  its  taste  is  intensely  bitter  f . 

When  heated  to  about  1220  it  melts  ;  and  if  the 
heat  be  still  farther  increased  it  takes  fire  and  burns' 
with  rapidity.  It  is  soluble  in  water,  both  cold  aruB 
hot,  and  still  more  soluble  in  alcohol ;  but  water  preci--1 
pitates  it  from  that  liquid  %. 

It  is  soluble  also  in  alkalies,  and  forms  with  them  a 
compound  which  has  been  compared  to  a  soap.  Acids,' 
when  sufficiently  diluted,  precipitate  it  both  from  waJ 
ter  and  alkalies  without  any  change ;  but  if  they  be] 
Concentrated,  the  precipitate  is  redissolvedj. 

From  these  properties,  it  is  clear  that  the  resin  o£ 
bile  has  a  considerable  resemblance  to  vegetable  resins  J 
but  it  differs  from  them  entirely  in  several  of  its  proper- 
ties.    The  addition  of  oxygen,  with  which  it  combines- 
readily,  alters  it  somewhat,  and  brings  it  nearer  to  the 
class  of  oils. 

In  this  altered  state  the  resin  of  bile  may  be  obtain- 
ed by  the  following  process  :  Pour  oxy-muriatic  acid^ 
cautiously  into  bile  till  that  liquid  loses  its  green  colour  j  - 
then  pass  it  through  a  filter  to  separate  some  albumen  . 
which  coagulates.    Pour  more  oxy-muriatic  acid  into 
the  filtered  liquid,  and  allow  the  mixture  to  repose  for 
some  time.    The  oxy-muriatic  acid  is  gradually  con-  I 
verted  into  common  muriatic  acid ;  and  in  the  mean 


*  Cadet,  Mem.  Par.  176;,  p.  340. 
%  Fourcroy,  Ann.  dt  Cbim.  vii.  178. 
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ime  the  basis  of  bile  absorbs  oxygen,  and  acquires  new 
>roperties.    Pour  into  the  liquid,  after  it  has  remained 

sufficient  time,  a  little  common  muriatic  acid,  a  white 
recipitate  immediately  appears,  which  may  be  separa- 
*d  from  the  fluid.  This  precipitate  is  the  basis  of  bile 
ombined  with  oxygen. 

It  has  the  colour  and  the  consistence  of  tallow,  but 
rill  retains  its  bitter  taste.  It  melts  at  the  tempera- 
are  of  104  °.  It  dissolves  readily  in  alcohol,  and  even 
1  water,  provided  it  be  assisted  by  heat.  Acids  preci- 
itate  it  from  these  solutions*. 

2.  The  resinous  substance  discovered  by  Proust  in  Resin  of 
uman  urine  does  not  seem  to  differ  much  from  the  re-  urme" 
r.n  of  bile.    Ear-wax  also,  from  the  experiments  of  . 
'rauquelin,  contains  a  resin  which  possesses  the"  same 
rroperties. 

3.  Castor,  civet,  and  musk,  are  three  other  resinous  Other  re- 
ubstances  obtained  from  different  quadrupeds,  and  well  sins* 
•nown  for  their  peculiar  odours  :  but  their  properties 

rave  not  hitherto  been  investigated  by  chemists. 


SECT.  IX. 

OF  SULpfuR  AND  PHOSPHORUS. 


ir 


hesE  two  simple  combustibles  constitute  a  part  of 
any  animal  substances  ;  but  in  what  state  of  combina- 
con  they  exist  in  them  has  not  been  ascertained.  All 


*  Fourcroy,  Ann.  dc  Chim.  vii.  176. 
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'^0°k  V'_   *^at  can  ^e  ^one  tneref°re  at  present  is  to  mention  some 

of  the  bodies  from  which  they  may  be  separated. 
Sulphur.  i .  sulphur  seems  to  be  a  never-failing  attendant  on 

albumen,  in  whatever  part  of  the  body  that  substance 
exists  as  a  constituent.  Scheele  ascertained  its  presence 
in  the  white  of  an  egg  and  in  milk  *  ;  Parmentier  and 
Deyeux  in  the  blood  f;  Proust  in  urine  and  faeces,  in 
the  muscles,  in  hair,  &c.  and  he  has  made  it  probable 
that  sulphur  is  mixed  with  the  matter  which  is  trans- 
pired from  the  body  {.  This  chemist  informs  us,  that 
in  the  blood  it  is  combined  with  ammonia  in  the  state 
of  hydrosulphuret  of  ammonia ;  but  whether  it  be  in 
the  same  state  in  other  parts  of  the  body  is  not  known. 
Phospho-  2.  Phosphorus  exhales  from  different  animal  bodies 
during  putrefaction  in  the  state  of  phosphorated  hydro* 
gen  gas,  and  of  course  must  have  been  a  constituent 
part  of  these  bodies.  The  luminous  appearance  which 
some  animals  exhibit  seems,  in  several  instances,  to  be 
owing  to  the  presence  of  this  very  combustible  sub* 
stance  :  But  the  experiments  hitherto  made  upon  these 
animals  are  not  sufficiently  decisive. 


rus. 


SECT.  X. 

OF  ACIDS,  n 

The  acids  which  have  been  discovered  ready  formed, 
and  constituting  a  part  of  animal  substances,  are  the 
following  : 


*  Schtfele,  ii.  S 7-  t  J»*r.  dc  Pbyi.  xL>.  437' 

{  Ann.  de  Lhim.  XXXvi,  2j8. 


ACIDS. 


355 


i.  Phosphoric.       4.  Carbonic.         7.  Amniotic. 
:2.  Sulphuric.         5.  Benzoic.  8.  Oxalic. 

3.  Muriatic.  6.  Uric.  9.  Acetous, 

isides  several  others,  the  nature  of  which  has  not  hi- 
;-.rto  been  ascertained;  such  as  the  formic ,  bombyc>  &c. 
[i.  The  phosphoric  acid  is  by  far  the  most  abundant  phosphoric 
jail  the  acids  found  in  animals.  Combined  with  lime, 
(.constitutes  the  basis  of  bone  ;  and  the  phosphat  of 
ae  is  found  in  the  muscles,  and  almost  all  the  solid 
;  ts  of  animals ;  neither  are  there  many  of  the  fluids 
am  which  it  is  absent.  In  the  blood  phosphoric  acid 
i"ound  combined  with  oxide  of  iron,  and  in  the  urine 

•xists  in  excess,  holding  phosphat  of  lime  in  solution. 
11.  Sulphuric  acid  can  scarcely  be  considered  as  a  Sulphuric, 
riponent  part  of  any  of  the  substances  belonging  to 

human  body.  It  is  said,  indeed,  to  occur  some* 
ees  in  urine  combined  with  soda.  It  is,  however,  a 
jy  common  constituent  of  the  liquid  contents  of  the 
:;rior  animals.  Thus  sulphat  of  soda  is  found  in  the 
j  tor  of  the  amnios  of  cows,  and  sulphat  of  lime  oc- 

s  usually  in  the  urine  of  quadrupeds. 

j  .  Muriatic  acid  occurs  in  most  of  the  fluid  animal  Muriatic, 
^stances,  and  is  almost  always  combined  with  soda, 
i.stituting  common  salt. 

Carbonic  acid  has  been  detected  in  fresh  human  Carbonic, 
ne  by  Proust,  and  it  occurs  in  the  urine  of  horses 

cows  abundantly,  partly  combined  with  lime. 

.  Benzoic  acid  was  first  discovered  in  human  urine  Bouzoic, 
fScheele,  and  Fourcroy  and  Vauquelin  have  found  it 
|:ndantly  in  the  urine  of  cows.  Proust  has  detected 
pi  the  blood,  the  albumen  of  an  egg,  in  glue,  silk, 
I  wool,  in  the  sponge,  different  species  of  algae,  and 
nn  in  mushrooms.    This  chemist  even  thinks  it  pro- 
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bable  that  it  is  a  constituent  of  all  substances  which  If 
contain  azot  *. 

6.  Uric  or  lithic  acid  was  discovered  by  Scheele  in  I 
1776.  It  is  the  most  common  constituent  of  urinary  r 
calculi,  and  exists  also  in  human  urine.  That  species II 
of  calculus  which  resembles  wood  in  its  colour  and  ap- It 
pearance,  is  composed  entirely  of  this  substance.  Itjf 
was  called  at  first  lithic  acid  ;  but  this  name,  in  conse-B 
quence  of  the  remarks  made  by  Dr  Pearson  on  its  im-|| 
propriety,  has  been  laid  aside,  and  that  of  uric  acid  sub-il 
stituted  in  its  place  f . 

Uric  acid  in  this  state  has  a  brown  colour;  it  is  hardjj 
and  crystallized  in  small  scales.  It  has  neither  taste  nor|j 
smell,  is  insoluble  in  cold  water,  but  soluble  in  360 II 
parts  of  boiling  water.  The  solution  reddens  vegetar. 
blues,  especially  the  tincture  of  turnsol.  A  great 
of  the  acid  precipitates  again  as  the  water  cools, 
combines  readily  with  alkalies  and  earths ;  but 
compound  is  decomposed  by  every  other  acid.  Muria 
acid  has  no  action  on  it,  neither  has  sulphuric 
while  cold,  but  when  assisted  by  heat  it  decomposes 
entirely  %. 

When  triturated  with  potass  or  soda,  it  forms  a 
ponaceous  paste,  very  soluble^iu  water  when  there  is 
excess  of  alkali,  but  sparingly  when  the  alkali  is  neutra- 
lized. The  urat  of  potass  or  of  soda  is  nearly  tasteless. 
The  last  is  found  crystallized,  constituting  gouty  con- 
cretions §.    Ammonia  does  not  dissolve  uric  acid,  but 


*  Ann.de  Cbim.  XXXvi.  27a. 

f  Dr  Pearson  rather  chuses  to  call  it  uric  oxide. 

\  Scheele,  i.  aoo. 

§  Teunant,  Jour,  de  Pbys.  xlv.  399. 
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qombines  with  it,  and  forms  a  salt  not  more  soluble 
.tan  the  pure  acid,  and  resembling  it  in  its  external 
wracters.  Neither  does  uric  acid  dissolve  in  lime 
ater ;  the  alkaline  carbonats  have  no  action  whatever 
i)  it  *.  ;  -,\  ' 

Nitric  acid  dissolves  it  readily  ;  the  solution  is  of  a  Action  of 
nk  colour,  and  has  the  property  of  tinging  animal  aads* 
bstances,  the  skin  for  instance,  of  the  same  colour  f. 
rhen  this  solution  is  boiled,  a  quantity  of  azotic  gas, 
rbonic  acid  gas,  and  of  prussic  acid  is  disengaged  |, 
"hen  oxy-muriatic  acid  gas  is  made  to  pass  into  water 
ntaining  this  acid  suspended  in  it,  the  acid  assumes  a 
latinous  appearance,  then  dissolves ;  carbonic  acid 
5  is  emitted,  and  the  solution  yields  by  evaporation 
ariat  of  ammonia,  superoxalat  of  ammonia,  muriatic 
id,  and  malic  acid  §. 

When  uric  acid  is  distilled,  about  a  fourth  of  the  acid  Action  of 
ssses  over  a  little  altered,  and  is  found  in  the  receiver  heat\ 
/stallized  in  plates  ;  a  few  drops  of  thick,  oil  make 
isir  appearance  ;  -g-th  of  the  acid  of  concrete  carbonat 
ammonia,  some  prussiat  of  ammonia,  some  water, 
cid  carbonic  acid  pass  over ;  and  there  remains  in  the 
cort  charcoal,  amounting  to  about  of  the  weight 
the  acid  distilled 

TThese  facts  are  sufficient  to  shew  us  that  uric  acid  is 
tnposed  of  carbon,  azot,  hydrogen,  and  oxygen  ;  and 
t  the  proportion  of  the  two  last  ingredients  is  much 
aller  than  of  the  other  two. 


*  Fourcroy,  x.  221.  t  Schecle  and  Pearson. 

\  Fourcroy,  Ann.di  C/jim.xxvn.  267. 
§  Brugnatelli,  Ann.  de  Cbim.  xxvii.  267.    Fourcroy,  s.  222. 
Fourcroy,  Ann.de  Cbim.  xvi.  116. 
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7.  Amniotic  acid  has  been  lately  discovered  by  Vau- 
quelin  and  Buniva  in  the  liquor  of  the  amnios  of  the 
cow,  and  may  be  obtained  in  white  crystals  by  evapora- 
ting that  liquid  slowly.  Hence  they  have  given  it  the 
name  of  amniotic  acid.  It  is  of  a  white  and  V:\lliant 
colour;  its  taste  has  a  very  slight  degree  of  aournessj 
it  reddens  the  tincture  of  turnsol  ;  it  is  scarcely  soluble 
in  cold  water,  but  very  readily  in  hot  water,  from  which 
it  separates  in  long  needles  as  the  solution  cools.  It  is 
soluble  also  in  alcohol,  especially  when  assisted  by  heat. 
It  combines  readily  with  pure  alkalies,  and  forms  a  sub- 
stance which  is  very  soluble  in  water.  The  other  acids 
decompose  this  compound;  and  the  acid  of  the  liquor 
of  the  amnios  is  precipitated  in  a  white  crystalline  pow» 
der.  This  acid  does  not  decompose  the  alkaline  car- 
bonats  at  the  temperature  of  the  atmosphere,  but  it 
does  so  when  assisted  by  heat.  It  does  not  alter  solu* 
tions  of  silver,  lead,  or  mercury,  in  nitric  acid.  Whea 
exposed  to  a  strong  heat,  it  frothes  and  exhales  an  odour 
of  ammonia  and  of  prussic  acid.  The  properties  are 
sufficient  to  shew  that  it  is  different  from  every  other 
acid.  It  approaches  nearest  to  the  mucous  and  the 
uric  acids  ;  but  the  mucous  acid  does  not  furnish  am- 
monia by  distillation  like  the  amniotic.  The  uric  acid  I 
is  not  so  soluble  in  hot  water  as  the  amniotic  ;  it  does 
not  crystallize  in  white  brilliant  needles,  and  it  is  in- 
soluble in  boiling  alcohol ;  in  both  which  respects  it 
differs  completely  from  amniotic  acid  *. 

8.  Oxalic  acid  has  hitherto  been  found  only  in  a  few  j 
urinary  calculi  by  Vauquelin  and  Foucroy. 

9.  The  acetous  acid  has  been  detected  in  urine  by 


#  Ann,  dc  Ctim.  xxxiii  279. 
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'roust;  and  Vauquelin  and  Fourcroy  have  observed  Chap.i. 

hat  acetous  acid  always  makes  its  appearance  during 
hhe  putrefaction  of  urine. 

Besides  these  nine  acids,  Proust  has  detected  another  other  acids, 
iinalogous  to  the  benzoic  in  urine,  an  acid  called  the 

ombyc  exists  in  the  silk  worm,  and  a  third  called 
oormic  in  the  formica  rufa,  or  red  ant.  But  as  these 
mcids  have  not  been  examined  minutely,  no  accurate 
description  can  be  given  of  them.  The  last,  indeed, 
r'rom  the  experiments  of  Deyeux,  is  probably  the  same 
ivith  the  acetous. 


SECT.  XL 


ALKALIES,  EARTHS,  AND  METALS. 


-  All  the  alkalies  have  been  found  in  the  fluids  of 
mimals. 

1.  Potass  is  rather  uncommon  in  the  human  fluids;  Potass. 
>ut  it  has  been  detected  in  the  milk  of  cows,  and  it  has 
>een  found  abundantly  in  the  urine  of  quadrupeds. 

1.  Soda  exists  in  all  the  fluids,  and  seems  always  to 
ie  combined  with  albumen.  Phosphat  and  muriat  of 
oda  are  also  found.  It  is  this  alkali  which  gives  animal 
luids  the  property  of  tinging  vegetable  blues  green. 

3.  Ammonia  has  been  detected  by  Proust  in  urine;  Ammonia, 
ind  it  is  formed  in  abundance  during  the  putrefaction 
)f  most  animal  bodies. 

,  II.  The  only  earths  hitherto  found  in  animals  are 
lime,  magnesia,  and  silica. 
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1.  Lime  exists  in  great  abundance  in  all  tlie  larger 
animals.  Combined  with  phosphoric  acid  it  constitutes 
the  basis  of' bones,  while  shells  are  composed  of  car. 
bonat  of  lime.  Phosphat  of  lime  is  found  also  in  the 
muscles  and  other  solid  parts,  and  it  is  held  in  solution 
by  almost  all  the  fluids. 

2.  Magnesia  has  been  detected  in  human  urine  by 
Fourcroy  and  Vauquelin,  combined  with  phosphoric 
acid  and  ammonia.  It  constitutes  also  sometimes  a  com- 
ponent part  of  the  urinary  calculi. 

3.  Silica  has  not  hitherto  been  detected  in  any  of  the 
component  parts  of  animals  ;  but  Fourcroy  and  Vau- 
quelin found  it  in  two  human  urinary  calculi. 

III.  The  metals  found  in  animals  are  two,  namely, 
iron  and  manganese. 

1.  Iron  combined  with  phosphoric  acid  is  a  consti- 
tuent part  of  the  blood,  and  is  the  substance  to  which 
that  fluid  owes  its  red  colour.  Its  presence  was  first 
ascertained  by  Manghini,  who  proved  at  the  same  time- 
that  it  does  not  exist  in  the  solid  parts  of  animals. 

2.  Manganese  is  said  to  have  been  detected  in  ani- 
mals ;  but  this  still  requires  farther  proof. 


Substances 
found  in 
animals. 


Such  are  the  substances  hitherto  found  in  animals. 
The  simple  bodies  of  which  all  of  them  consist  are  the 
following : 

6.  Lime. 

7.  Sulphur. 

8.  Soda. 
9  Potass. 


1.  Azot. 

2.  Carbon. 

3.  Hydrogen. 

4.  Oxygen. 


1 1 .  Magnesia. 

12.  Silica. 

13.  Iron. 

14.  Manganese. 


5.  Phosphorus.    10.  Muriatic  acid, 


PARTS  DF  ANIMALS. 


Of  these,  magnesia  and  silica  may  in  a  great  measure  ,  Chap 
je  considered  as  foreign  bodies ;  for  they  are  only  found 
m  exceedingly  minute  .quantities,  and  the  last  not  unless 
nn  cases  of  disease.  The  principal  elementary  ingre- 
•  lients  are  the  first  six :  animal  substances  may  be  con- 
sidered as  in  a  great  measure  composed  of  them.  The 
iirst  four  constitute  almost  entirely  the  soft  parts,  and 
!he  other  two  form  the  basis  of  the  hard  parts.  But 
iwe  will  be  able  to  judge  of  this  much  better  after  we 
nave  taken  a  view  of  the  various  parts  of  animals  as  they 
•:xist  ready  formed  in  the  body.  This  shall  be  the  sub- 
cect  of  the  next  Chapter. 


CHAP.  IL 

OF  THE  FARTS  OF  ANIMALS. 


r  £  different  substances  which  compose  the  bodies  of 
unimals  may  be  arranged  under  the  following  heads  : 
i.  Bones  and  shells,  6.  Glands, 

a.  Muscles,  7.  Skin, 

3.  Membranes,  8.  Brain  and  nerves, 

4.  Tendons,  9.  Horns  and  nails, 

5.  Ligaments,  v      10.  Hair  and  feathers. 
Besides  these  substances,  which  constitute  the  solid 

art  of  the  bodies  of  animals,  there  are  a  number  of 
uids,  the  most  important  of  which  is  the  blood,  which 
pervades  every  part  of  the  system  in  all  the  larger  ani- 
als  :  The  rest  are  known  by  the  name  of  secretions, 
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Book  V.  because  they  are  formed,  or  secreted  as  the  anatomists 
term  it,  from  the  blood.  The  principal  animal  secre- 
tions are  the  following : 


1.  Milk, 

2.  Saliva, 

3.  Pancreatic  juice, 

4.  Bile  and  biliary- 

calculi, 

5.  Cerumen, 

6.  Tears, 


7.  Humours  of  the  eye, 

8.  Mucus  of  the  nose  and 
other  cavities,  « 

9.  Sinovia, 

10.  Semen, 

11.  Liquor  of  the  amnios, 

12.  Urine  and  urinary  calculi. 


These  substances  shall  form  the  subject  of  the  following 
Sections. 


SECT.  I. 


OF  BONES  AND  SHELLS. 


Bones,  Bones  are  meant  those  hard,  solid,  well  known  sub- 

wliat'  stances,  to  which  the  firmness,  shape,  and  strength  of 
animal  bodies  are  owing  ;  which,  in  the  larger  animals, 
form  as  it  were  the  ground- work  upon  which  all  the 
rest  is  built.  In  man,  in  quadrupeds,  and  many  other 
animals,  the  bones  are  situated  below  the  other  parts, 
and  scarcely  any  of  them  are  exposed  to  view ;  but 
shell-fish  and  snails  have  a  hard  covering  on  the  out- 
side of  their  bodies,  evidently  intended  for  defence.  As 
these  coverings,  though  known  by  the  name  of  shells, 
are  undoubtedly  of  a  bony  nature,  I  shall  include  them 
in  this  Section.  For  the  very  same  reason,  it  would 
be  improper  to  exclude  egg-shells,  and  those  coverings 
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»sf  certain  animals,  the  tortoise  for  instance,  known  by  Chap.  II. 
■  the  name  of  crusts. 

It  had  been  long  known  that  ,bones  may  be  rendered  History. 
«soft  and  cartilaginous  by  keeping  them  in  diluted  acid 
solutions,  and  that  some  acids  even  dissolve  them  alto- 
gether ;  that  when  exposed  to  a  violent  heat,  they  be- 
come white,  opaque,  and  brittle  ;  and  Dr  Lewis  had 
^observed,  that  a  sudden  and  violent  heat  rendered  them 
lhard,  semitransparent,  and  sonorous.  But  their  com- 
[ponent  parts  remained  unknown  till  Scheele  mentioned, 
in  his  dissertation  on  Fluor  Spar,  published  in  the  Stock- 
holm Transactions  for  1 771,  that  the  earthy  part  of 
:bones  is  phosphat  of  lime  *.  Since  that  time  consider- 
able additions  have  been  made  to  the  chemical  analysis 
of  these  substances  by  Berniard,  Bouillon,  and  Rouelle* 
Mr  Hatchett  has  published  some  valuable  papers  on  the 
subject  in  the  Philosophical  Transactions  for  1799  and 
1800 ;  and  in  the  34th  volume  of  the  Annales  de  Chi- 
mie,  Mr  Merat  Guillot  has  given  us  a  table  of  the  com- 
ponent parts  of  the  bones  of  a  considerable  number  of 
animals. 

The  bony  parts  of  animals  may  be  divided  into  three 
classes  ;  namely,  bones,  crusts,  and  shells. 

1.  Bones  have  a  considerable  degree  of  hardness  ;  Propertifli. 
when  recent,  they  contain  a  quantity  of  marrow,  which 
may  be  partly  separated  from  them.  When  the  water 
in  which  bones  have  been  for  some  time  boiled  is  eva- 
porated to  a  proper  consistence,  it  assumes  the  form  of 
a  jelly ;  bones  therefore  contain  gelatine. 


*  The  discoverer  of  this  has  not  been  completely  ascertained :  Scheele 
Joes  not  claim  it  in  that  paper;  Bergman  gives  it  to  Gabji;  but  Crcll 
affirms  that  it  was  made  by  Scheele. 
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,        v-,       If  a  piece  of  bone  be  kept  for  some  time  in  diluted 

Contain  gc-  muriatic,  or  even  acetous  acid,  it  gradually  loses  a  con- 
siderable part  of  its  weight,  becomes  soft,  and  acquires 
a  certain  degree  of  transparency  ;  and  in  short  acquires 
the  properties  of  gelatine.  Bone  therefore  consists  of 
gelatine  combined  with  some  substance  which  these  a. 
cids  are  capable  of  dissolving  and  carrying  off. 

Phosphatof  If  pure  ammonia  be  dropt  into  the  acid  which  has 
reduced  the  bone  to  this  state,  a  quantity  of  white  pow- 
der precipitates,  which  possesses  all  the  properties  of 
phosphat  of  lime.  The  substance,  then,  which  was  com- 
bined with  the  cartilage  is  phosphat  of  lime. 

Carbonat  After  the  phosphat  of  lime  has  precipitated,  the  ad- 
dition of  carbonat  of  ammonia  occasions  a  farther  pre- 
cipitate, which  consists  of  carbonat  of  lime  :  but  the 
quantity  of  this  precipitate  is  inconsiderable  *.  When 
concentrated  acids  are  poured  on  bones,  whether  recent 
or  calcined,  an  effervescence  is  perceptible ;  the  gas 
which  escapes  renders  lime  water  turbid,  and  is  there- 
fore carbonic  acid.  Now  since  bones  contain  carbonic 
acid,  and  since  they  contain  lime  also  uncombined  with 
any  acid  stronger  than  carbonic — it  is  evident  that  they 
contain  a  little  carbonat  of  lime.  Mr  Hatchett  found 
this  substance  in  all  the  bones  of  quadrupeds  and  of  fish 
which  he  examined  f. 

And  ml-  When  bones  are  calcined,  and  the  residuum  is  dissol- 
of  ved  in  nitric  acid,  nitrat  of  bastes  causes  a  small  pre- 
cipitate, which  is  insoluble  in  muriatic  acid,  and  is 
therefore  sulphat  of  barytes^.  Consequently  bones  con- 
tain sulphuric  acid.    It  has  been  ascertained,  that  this 


*  Hatchett,  Tbil.  Trans.  1799,  P«  3*7. 
|  Ibid.  1  Ibid. 
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add  is  combined  with  lime.  The  proportion  of  sulplat  Clmp.  Ii.^ 
of  lime  in  bones  is  very  inconsiderable. 

Thus  we  see  that  bones  are  composed  of  gelatine,  of 
phosphat  of  lime,  carbonat  of  lime,  and  sulphat  of  lime. 
Proust  has  shewn  that  they  contain  also  a  considerable 
quantity  of  fat.  By  breaking  bones  in  small  pieces,  and 
boiling  them  for  some  time  in  water,  he  separated  this 
fat  which  collected  on  the  surface  of  the  water,  and 
weighed  when  cold  one-fourth  of  the  whole  weight  of 
the  bones  employed  *.  The  gelatine  can  only  be  sepa- 
rated completely  by  heating  bones  strongly  with  water 
in  a  Papin's  digester,  or  by  reducing  them  to  powder, 
and  boiling  them  sufficiently  in  water.  By  this  last 
process  Proust  obtained  about  -r^th  of  the  weight  of  the 
bones  employed  of  pure  gelatine. 

The  following  Table,  drawn  up  by  Merat-Guillotf,  Table  of 

..«..•«•  •  r    1         1    •  •       their  con> 

exnibits  a  comparative  view  01  the  relative  proportion  p0nent 

of  these  ingredients  in  a  variety  of  bones.    The  sul-  P***5" 
phat  of  lime,  which  occurs  only  in  a  very  small  quan- 
tity, has  been  confounded  with  phosphat  of  lime. 


*  Jour,  de  Pbys.  liii.  257. 
f  Ann.de  Cbim.  xxriv.  71. 
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One  hundred  parts  contain 

vjclu- 

tine. 

r  no^p. 
of  lime. 

v^aro. 
of  lime. 

Loss. 

Human  bones  from  a " 

i  u 



07 

burying-ground,  1 

X'S 

15-5 

Do.  dry,  but  not  from  " 

under  the  earth,  { 

23 

°3 

L 

2 

3 

93 

2 

2 

25 

54 

trace 

~2I 

9 

67-5 

1.25 

22. 2j 

16 

70 

0.5 

*3-5 

*-5 

90 

1 

7-5 

17 

52 

1 

30 

9 

85 

1 

5 

....  pullet,  .... 

6 

72 

20.5 

12 

64 

1 

23 

6 

45 

°-5 

48.5 

12 

85.5 

0.25 

2.25 

24 

64 

O.I 

11. 15 

27 

57-5 

1 

14.5 

EnameL  The  enamel  of  the  teeth  is  composed  of  the  same 

earthy  ingredients  as  other  bones  ;  but  it  is  totally  des- 
titute of  cartilage  *. 
Crusts  con-  2.  The  crustaceous  coverings  of  animals,  as  of  echi- 
carbonat.  ni,  crabs,  lobsters,  prawns,  and  cray-fish,  and  also  the 
shells  of  eggs,  are  composed  of  the  same  ingredients  as 
bones  ;  but  in  them  the  proportion  of  carbonat  of  lime 
far  exceeds  that  of  phosphat  f. 

Thus  100  parts  of  lobster  crust  contain 
60  carbonat  of  lime 
14  phosphat 
26  cartilage 

loot 


•  Hatchctt,  Phil.  Tram.  1799,  p.  32S.  f  Ibid.  3ai.  and  334. 
'%  Merat-Guillot,  Ann.  de.  dim.  ixxiv.  71. 
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One  hundred  parts  of  crawfish  crust  contain  ^Chap.  11. 

60  carbonat  of  lime 
1 2  phosphat  of  lime 
28  cartilage 


100  * 


One  hundred  parts  of  hens  egg-shells  contaia 
89.6  carbonat  of  lime 
5.7  phosphat  of  lime 
4.7  animal  matter 


100. of 


Mr  Hatchett  found  traces  of  phosphat  of  lime  also  in 
lhe  shells  of  snails. 

3.  The  shells  of  sea-animals  may  be  divided  into  two  Shells  of 
llasses:  The  first  has  the  appearance  of  porcelain;  their  two  kinds 
urface  is  enamelled,  and  their  texture  is  often  slightly 
'brous.  Mr  Hatchett  has  given  them  the  name  of  por- 
sllcineous  shells.  The  second  kind  of  shell  is  known 
>y  the  name  of  mother  of  pearl.  It  is  covered  with  a 
iitrong  epidermis,  and  below  it  lies  the  shelly  matter  in 
lyers  f .  The  shell  of  the  fresh  water  muscle,  mother 
ii  peail,  heliotis  iris,  and  turbo  olearius,  are  instances 
if  these  shells. 

Porcelaneous  shells  are  composed  of  carbonat  of  1.  Porcela- 
1  ime  cemented  together  by  a  very  small  quantity  of  ani-  neous ' 
mal  matter  §. 

Mother  of  pearl  shells  are  composed  of  alternate  lay-  2.  Mother 

of  pearJ. 


*  Merat-Guillon,  Ann.  de  Cb\m.  xxxiv.  71. 
f  Vauquelin,  Ibid.  xxix.  6. 

\  Herissant,  Aem.  Par.  1766,  p.  %%. — Hatchett,  Ibid.  317. 
\  Hatchett,  Ibid 
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Coral. 


ers  of  carbonat  of  lime  and  a  thin  membranaceous  sub- 
stance, which  resembles  exactly  coagulated  albumen  in 
its  properties.  This  membrane  still  retains  the  figure 
of  the  shell  after  all  the  carbonat  of  lime  has  been  sepa* 
rated  by  acids  *'. 

Mother  of  pearl  contains  66  carbonat  of  lime, 

34  membrane 


Other  solid 
animal  sub- 
stances. 


IOO  f 


Coral,  which  is  a  bony  substance  formed  by  certain 
sea  insects,  has  a  nearer  relation  to  mother  of  pearl  shell» 
in  its  structure  than  to  any  other  bony  substance,  as  the 
following  Table  %  will  shew. 


Carbonat  of  lime, 
Animal  matter,  . 


"White 
coral. 

•  5° 

•  5° 

IOO 


Red 
coral. 

53-5 
46.5 

100.0 


Articulated 
coraline.  \ 

49 
100 


From  the  experiments  of  Hatchett,  it  appears  that 
all  the  solid  animal  matter  of  an  analogous  nature  is 
composed  of  nearly  the  same  materials.  He  found  the 
madrepora  virginea,  muricce,  and  labyrinthica,  composed 
of  carbonat  of  lime  and  a  little  gelatinous  matter  ;  the 
madrepora  ramea  and  Jistularis  of  carbonat  of  lime,  and 
membrane  retaining  the  original  figure  of  the  body. 
The  composition  of  the  millipores  is  the  same,  if  we  ex- 
cept the  poly morpha,  which  yields  traces  of  phosphat 
of  lime.    Some  idea  may  be  formed  of  the  composition 


*  Hatchett,  Phil.  T rans.  1 799,  p.  318. 
f  Mcrat-Guillot,  Ann.  dc  Chim.  xxxiv.  71. 
I  Mcrat-Guillot,  Ibid. 
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^Tubipora  musica  . 
lustra  foliacea  . 
'.orallina  opnntia 


f  the  other  bodies  examined  bj  Mr  Hatchett  from  the  t  Chap.  U. 
ollowing  Table. 

composition. 
Carbonat  of  lime,  some  mem- 
brane. 

Carbonat  of  lime,  membrane, 

a  little  phosphat  of  lime. 
Carbonat  of  lime,  membrane. 

rris  ochracea  Carbonat  of  lime,  membrane, 

a  little  phosphat,  a  red  pow- 
der. 

>ris  hipputis  Carbonat,  much  membrane. 

'orgonia  nobilis  ....  Carbonat,  membrane,  some 

phosphat. 
Carbonat,  much  membrane, 

and  phosphat. 
Much  membrane  and  phosphat, 

some  carbonat. 
Gelatine,  carbonat,  some  phos- 
phat. 

Membrane,  carbonat,  some 
phosphat. 


.  ceratophyta 
.  fidbellum  . 
.  suberosa  .  , 
.  pectinata 


>  Membrane,  carbonat. 
sa  J 


} 

setosa  J 
umbraculum 
verrucos 

antiphates  .  .  Membrane,  phosphat,  little  car- 
bonat. 

Wonges   .  .   Membrane  like  horn  soluble 

in  hot  water  j  yield  gelatine 
to  hot  water. 

Hcyonium  asbestinum     Gelatine,  phosphat,  carbonat. 

 jicus    .  .  .  °)  Membrane,  carbonat,  some 

 arboreum     j  phosphat. 

'sh  scales  Membrane,  phosphat  of  lime. 
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SECT.  II. 

OF  THE  MUSCLES  OF  ANIMALS. 

The  muscular  parts  of  animals  are  known  in  common 
language  by  the  name  of  Jlesh.  They  constitute  a  con- 
siderable proportion  of  the  food  of  man. 

Muscular  flesh  is  composed  of  a  great  number  of 
fibres  or  threads,  commonly  of  a  reddish  or  whitish  co-^ 
lour ;  but  its  appearance  is  too  #well  known  to  require  j 
any  description.    Hitherto  it  has  not  been  subjected  to 
any  accurate  chemical  analysis!  Mr  Thouvenel,  indeed, 
has  published  a  very  valuable  dissertation  on  the  sum 
ject ;  and  it  is  to  him  that  we  are  indebted  for  almost 
all  the  facts  known  concerning  the  composition  of  muscleJ 
Some  additions  have  also  been  made  by  Mr  Fourcroy. 

It  is  scarcely  possible  to  separate  the  muscle  from  all 
the  other  substances  with  which  it  is  mixed.  A  quan- 
tity of  fat  often  adheres  to  it  closely ;  blood  pervades 
the  whole  of  it :  and  every  fibre  is  enveloped  in  a  parti- 
cular thin  membranous  matter,  which  anatomists  dis- 
tinguish by  the  name  of  cellular  substance.  The  analysis 
of  the  muscle,  then,  cannot  be  supposed  to  exhibit  an 
accurate  view  of  the  composition  of  pure  muscular  fibres* 
but  only  of  muscular  fibre  not  perfectly  separated  from 
other  substances. 
Action  of        I.  When  a  muscle  is  cut  in  small  pieces,  and  welT 

cold  water    washed  with  water,  the  blood  and  other  liquids  contain- 
on  muscle.  1 

ed  in  it  are  separated,  and  part  of  the  muscular  sub-' 
stance  also  is  dissolved.    The  muscle,  by  this  process, 
is  converted  into  a  white  fibrous  substance,  still  retain- 


MUSCLES. 

ng  the  form  of  the  original  body.    The  water  assumes 
he  colour  which  results  from  mixing  water  with  some 
•lood.    When  heated  it  coagulates,  brown  flakes  swim 
>n  the  surface,  consisting  of  albumen  combined  with 
he  colouring  matter  of  the  blood ;  some  fibrina  like- 
vise  precipitates.    If  the  evaporation  be  continued, 
nore  albumen  precipitates,  and  at  last  the  whole  as- 
umes  the  form  of  a  jelly.    When  evaporated  to  dry- 
less,  and  treated  with  alcohol,  the  gelatine  thus  form- 
d,  together  with  a  little  phosphat  of  soda  and  of  ammo- 
ia,  remain  undissolved  ;  but  the  alcohol  dissolves  a  pe- 
l  uliar  extractive  matter,  first  observed  by  Thouvenel. 
"'his  matter  may  be  obtained  by  evaporating  the  alcohol 
x>  dryness.    It  has  a  reddish  brown  colour,  a  strong 
ccrid  taste,  and  an  aromatic  odour.    It  is  soluble  both 
i  water  and  alcohol  j  and  when  its  watery  solution  is 
\ery  much  concentrated,  it  assumes  an  acid  and  bitter 
uste.    It  swells  upon  hot  coals,  and  melts,  emitting  an 
kcid  and  penetrating  smell.    It  attracts  moisture  from 
tte  air,  and  forms  a  saline  efflorescence.  In  a  hot  atmo- 
phere  it  becomes  sour  and  putrefies.    When  distilled 
.  yields  zoonic  acid  and  zoonat  of  ammonia.  All  these 
rroperties  render  it  probable  that  this  substance  of  Mr 
Thouvenel  is  that  which  is  converted  into  zoonic  acid 
mring  the  roasting  of  meat. 
2.  If  the  muscle,  after  being  thus  treated  with  cold  Action  of 
ater,  be  boiled  for  a  sufficient  time  in  water,  an  addi-  notwater« 
onal  portion  of  the  same  substances  are  separated  from 
Some  albumen  collects  on  the  surface  in  the  form 
:f  scum,  accompanied  with  some  melted  fat.    The  wa- 
r,  when  sufficiently  concentrated  by  evaporation,  as- 
uimes  the  form  of  a  jelly.    When  evaporated  to  dry- 
ess,  and  treated  with  alcohol,  the  gelatine  and  phos- 
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Insoluble 
part  fibrina. 


Composi- 
tion of 
muscles. 


phorlc  salts  remain,  while  the  extractive  matter  of 
Thouvenel  is  dissolved,  and  may  be  obtained  by  evapo- 
rating to  dryness.  It  is  by  this  process  that  it  is  procu. 
red  in  a  sufficient  quantity  for  examination,  cold  water 
abstracting  only  a  very  small  portion  from  the  muscle.  ' 

3.  The  muscle,  thus  treated  with  water,  is  left  in  the 
state  of  grey  fibres,  insoluble  in  water,  and  becoming, 
brittle  when  dry.  This  substance  possesses  all  the  pro?1 
perties  of  fibrina. 

4.  From  these  facts,  ascertained  by  Thouvenel  and 
Fourcroy  *,  it  appears  that  the  muscles  are  compos«l 
chiefly  of  fibrina,  to  which  they  owe  their  fibrous  struoa 
ture  and  their  form,  and  that  they  contain  also 

1.  Albumen,         5.  Phosphat  of  soda, 

3.  Gelatine.  6.  Phosphat  of  ammonia, 

4.  Extract,  7.  Phosph.  of  lime  and  carb.  of  ditt 
For  the  discovery  of  the  last  ingredients  we  are  indebt 
to  Mr  Hatchett,  who  found  that  500  parts  of  beef  mi 
cle  left,  after  combustion,  a  residuum  of  25.6  part 
consisting  chiefly  of  these  salts.  We  are  still  ignora 
of  the  nature  of  the  difference  in  the  composition  of 
muscles  of  different  animals,  though  a  bare  inspectio 
is  sufficient  to  convince  us  that  such 'a  difference  exis' 
for  the  muscles  of  quadrupeds,  of  birds,  and  of  fishe 
neither  resemble  each  other  in  their  appearance  n 
taste. 

When  meat  is  boiled,  it  is  obvious  that  the  gelatine, 
the  extract,  and  a  portion  of  the  salts,  will  be  separated, 
while  the  coagulated  albumen  and  fibrina  will  remain 
in  a  solid  state.  Hence  the  flavour  and  the  nourishing 
nature  of  soups  derived  from  the  extract  and  gelatine* 


•  Fourcroy,  vs..  242. 
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IWhen  meat  is  roasted,  on  the  other  hand,  all  these  sub- 
stances continue  in  it,  and  the  taste  and  odour  of  the 
extract  is  greatly  heightened  by  the  action  of  the  fire. 
Hence  the  superior  flavour  of  roasted  meat.  Fourcroy 
uupposes  that  the  brown  crust  which  forms  on  roasted 
meat  is  composed  entirely  of  the  extract. 


SECT.  III. 

OF  MEMBRANES,  TENDONS,  LIGAMENTS,  AND 

GLANDS. 

These  substances  have  not  hitherto  been  subjected  to 
chemical  analysis  ;  their  composition,  of  course,  is  but 
imperfectly  known.  Mr  Hatchett  has  ascertained  that 
lhey  contain  no  phosphat  of  lime  as  a  constituent  part, 
:nd  scarcely  any  saline  ingredients ;  for  when  calcined 
ihey  leave  but  a  very  inconsiderable  residuum.  Thus 
50  grains  of  hog's  bladder  left  only  0.02  grain  of  re- 
iiduum  *. 

1.  The  membranes  are  thin  semitransparent  bodies  Mtmfcranc* 
which  envelope  certain  parts  of  the  body,  especially  the 
iiscera;  such  as,  the  dura  and  pia  mater,  the  pleura, 
fie  peritoneum,  the  periosteum,  Sec.  These  substances 
re  soft  and  pliable;  when  macerated  in  water  they  swell, 
nd  become  somewhat  pulpy;  and  by  continued  decoc- 
ion  in  hot  water  they  are  almost  completely  dissolved, 
md  the  solution  concretes  into  gelatine.    From  the  ex- 
periments of  Hatchett,  we  may  conclude  that  the  mem- 
wanes  are  composed  chiefly  of  coagulated  albumen. 


*  Phil.  Trans.  1799.  P-  333- 
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2-  The  tendons  are  strong,  pearl-coloured,  brilliant 
bodies,  which  terminate  the  muscles,  and  attach  them 
to  the  bones,  and  are  known  in  common  language  by 
the  name  of  sinews.  When  boiled  they  assume  the 
form  of  a  semitransparent  gelatinous  substance,  of  a 
pleasant  taste,  well  known  in  boiled  meat.  If  the  de- 
coction be  continued  they  dissolve  completely,  and  are 
converted  into  gelatine. 

3.  The  ligaments  are  strong  bands  which  bind  the 
bones  together  at  the  different  joints :  they  are  fibrous 
substances,  very  dense  and  strong,  and  somewhat  elas- 
tic: When  boiled  they  yield  a  portion  of  gelatine,  but , 
they  resist  the  action  of  water  with  great  obstinacy,  ancf1 
after  a  great  deal  of  boiling  retain  their  form,  and  even 
their  strength. 

4.  The  glands  are  a  set  of  bodies  employed  to  form 
or  to  alter  the  different  liquids  which  are  employed  for 
different  purposes  in  the  animal  body.  There  are  two 
sets  of  them ;  the  conglolatey  which  are  small,  scattered, 
in  the  course  of  the  lymphatics  ;  and  the  cojiglomeratti 
such  as  the  liver,  kidneys,  See.  Fourcroy  supposes  the 
first  of  these  to  be  composed  of  gelatine  j  but  this  is  not 
very  probable.  The  structure  of  the  large  glands  has 
been  examined  by  anatomists  with  great  care  ;  but  we 
are  still  ignorant  of  their  composition.  Indeed  the  pre- 
sent state  of  chemistry  scarcely  admits  of  an  accurate 
analysis  of  these  complicated  bodies. 

The  membranes  and  tendons,  especially  the  first,  arc 
usually  employed  in  the  manufacture  of  glue. 


SKIN. 


375 


Chap.  TI. 


SECT.  IV. 


OF  THE  SKIN. 


The  skin  is  that  strong  thick  covering  which  enve- 
lopes the  whole  external  surface  of  animals.  It  is  com- 
posed chiefly  of  two  parts:  a  thin  white  elastic  layer  on 
the  outside,  which  is  called  epidermis,  or  cuticle ;  and  a 
much  thicker  layer,  composed  of  a  great  many  fibres, 

•  closely  interwoven,  and  disposed  in  different  directions ; 
this  is  called  the  cutis,  or  true  skin.    The  epidermis  is 

ithat  part  of  the  skin  which  is  raised  in  blisters. 

1.  The  epidermis  is  easily  separated  from  the  cutis  Epidermis, 
by  maceration  in  hot  water.    It  possesses  a  very  great 

degree  of  elasticity. 

It  is  totally  insoluble  in  water  and  in  alcohol.  Pure 
fixed  alkalies  dissolve  it  completely,  as  does  lime  like- 
wise, though  slowly*.  Sulphuric  and  muriatic  acids 
do  not  dissolve  it,  at  least  they  have  no  sensible  action 
on  it  for  a  considerable  time ;  but  nitric  acid  soon  de- 
prives it  of  its  elasticity,  causes  it  to  fall  to  pieces,  and 
soon  decomposes  it  f . 

It  is  well  known  that  the  living  epidermis  is  tinged 
yellow  almost  instantaneously  by  nitric  acid ;  but  this 
effect  does  not  take  place,  at  least  so  speedily,  when  the 
dead  cuticle  is  plunged  in  nitric  acid  altogether  \. 

2.  The  cutis  is  a  thick  dense  membrane,  composed  of  True  skin, 


*  Chaptal,  Ann.  de  Cbim,  xxii.  221. 

t  Cruikshank  on  Insensible  Perforation,  p.  32.  %  Ibid. 
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fibres  interwoven  like  the  texture  of  a  hat.    When  it  ig 
macerated  for  some  hours  in  water,  and  agitation  and 
pressure  is  employed  to  accelerate  the  effect,  the  blood, 
and  all  the  extraneous  matter  with  which  it  was  loaded, 
are  separated  from  it,  but  its  texture  remains  unaltered. 
On  evaporating  the  water  employed,  a  small  quantity 
of  gelatine  may  be  obtained.    No  subsequent  macera~; 
tion  in  cold  water  has  any  farther  effect.   When  distill- 
ed it  yields  the  same  products  as  fibrina.    The  concen-i 
trated  alkalies  dissolve  it,  converting  it  into  oil  and  amt 
monia.    Weak  acids  soften  it,  render  it  transparent, 
and  at  last  dissolve  it.    Nitric  acid  converts  it  into  oxa- 
lic acid  and  fat,  while,  at  the  same  time,  azotic  gas  and 
prussic  acid  are  emitted  *.    When  heated  it  contracts, 
and  then  swells,  exhales  a  fetid  odour,  and  leaves  adensel 
charcoal,  difficult  to  incinerate.    By  spontaneous  de-j 
composition  in  water  or  moist  earth,  it  is  converted  in- 
to a  fatty  matter  and  into  ammonia,  which  compose  a,' 
kind  of  soap  f . 

When  allowed  to  remain  long  in  water,  it  softens  and 
putrefies,  being  converted  into  a  kind  of  jelly.  When 
long  boiled  in  water  it  becomes  gelatinous,  and  dissolves 
completely,  constituting  a  viscid  liquor,  which,  by  pro- 
per evaporation,  is  converted  into  glue.    Hence  the  cu- 
tis of  animals  is  commonly  employed  in  the  manufac- 
ture of  glue.    Thus  it  appears  that  the  cutis  contains  a 
portion  of  gelatine  ready  formed,  and  that  it  may  be  to- 
tally converted  into  gelatine  by  boiling.    It  is  therefore* 
composed  of  gelatine  and  a  fibrous  matter.    This  lasts 
substance,  according  to  Seguin,  to  whom  we  are  indebt-1 
ed  for  a  very  ingenious  set  of  experiments  on  the  cutis,,* 


#  Fourcroy,  ix.  254. 


f  Ibid. 
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.differs  from  gelatine  merely  in  containing  oxygen.  This  i  Chap,  it.  ^ 
< oxygen,  according  to  him,  is  separated  by  the  boilingj 
.and  of  course  the  whole  cutis  assumes  the  form  of  ge- 
latine. 

It  is  from  the  skin  or  cutis  of  animals  that  leather  is 

(formed.    The  process  of  converting  skin  into  leather  is  Theory  of 
r  0  tanning. 

i  called  tanning.    This  process,  though  practised  in  the 
i  earliest  ages,  was  merely  empyrical,  till  the  happy  inge- 
muity  of  Mr  Seguin  led  him  to  discover  its  real  nature. 
After  the  epidermis,  the  gelatine,  and  all  the  impurities 
i  of  the  skin  have  been  separated,  after  its  fibres  have 
I  been  thickened,  and  its  pores  have  been  so  far  opened  as 
to  admit  of  being  completely  penetrated,  it  is  steeped  in 
an  infusion  of  oak-bark,  which  consists  of  gallic  acid 
and  tan.  The  gallic  acid  (if  we  believe  Seguin)  deprives 
the  skin  gradually  of  oxygen,  and  thus  makes  it  approach 
towards  the  state  of  gelatine,  and  the  tan  combines  with 
•  this  new  substance  the  instant  it  is  formed  ;  and  this 
process  goes  on  so  slowly  that  the  texture  of  the  skin  is 
not  altered.    Leather,  therefore,  is  merely  a  combina- 
tion of  tan  with  the  fibrous  part  of  the  skin  deprived  of' 
a  part  of  its  oxygen,  and  reduced  nearly  to  the  state  of 
gelatine. 

The  difference  which  is  conspicuous  in  the  cutis  of  Difference 

, .  _  .      .  .  .        ,    .  in  the  cutis 

different  animals,  seems  to  depend  upon  the  relative  pro-  of  animals, 

portions  of  the  gelatine  and  fibrous  oxide  of  which 
they  are  composed.  In  the  skin  of  fishes  and  amphibi- 
ous animals  the  gelatine  abounds :  Hence  the  facility 
with  which  they  dissolve  in  water,  and  the  brittleness 
of  the  leather  which  is  formed  from  them.  On  the  o- 
ther  hand,  the  fibrous  oxide  abounds  in  the  skins  of 
quadrupeds  and  birds:  Hence  the  difficulty  of  dissolving 
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TSook  V.  ^  them  in  hot  water,  and  the  excellent  leather  which  they 
yield  when  tanned  *. 
Ketemuco-  3.  As  to  the  rete  mucosum,  or  the  mucous  substance, 
situated  between  the  cutis  vera  and  epidermis,  its  com- 
position cannot  be  determined  with  precision,  because 
its  quantity  is  too  small  to  admit  of  examination.  It  is 
known  that  the  black  colour  of  negroes  depends  upon 
a  black  pigment,  situated  in  this  substance.  Oxy-mu- 
riatic  acid  deprives  it  of  its  black  colour,  and  renders  it 
yellow.  A  negro,  by  keeping  his  foot  for  some  time 
in  water  impregnated  with  that  acid,  deprived  it  of  its 
colour,  and  rendered  it  nearly  white ;  but  in  a  few  days 
the  black  colour  returned  again  with  its  former  intensi- 
ty f. 


SECT.  V. 

OF  THE  BRAIN  AND  NERVES. 

The  brain  and  nerves  are  the  instruments  of  sensa- 
tion, and  even  of  motion;  for  an  animal  loses  the  power 
of  moving  a  part  the  instant  that  the  nerves  which  enter 
it  are  cut. 

The  brain  and  nerves  have  a  strong  resemblance  to 
each  other ;  and  it  is  probable  that  they  agree  also  in 
their  composition.  But  hitherto  no  attempt  has  been 
made  to  analyse  the  nerves.  The  only  chemists  who 
have  examined  the  nature  of  brain  are  Mr  Thouret  | 
and  Mr  Fourcroy  S. 


*  Fourcroy,  ix.  258. 

}  Jour,  de  ptyt.  xxxviii.  229' 


f  Ibid.  p.  259. 
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The  brain  consists  of  two  substances,  which  differ  Chap.ir. 
from  each  other  somewhat  in  colour,  but  which,  in  propei.tjcs 
other  respects,  seem  to  be  of  the  same  nature.    The  of  brain, 
outermost  matter,  having  some  small  resemblance  in  co- 
lour to  wood-ashes,  has  been  called  the  cineritious  part; 
the  innermost  has  been  called  the  medullary  part. 

Brain  has  a  soft  feel,  not  unlike  that  of  soap ;  its 
texture  appears  to  be  very  close ;  its  specific  gravity  is 
greater  than  that  of  water. 

When  brain  is  kept  in  close  vessels  so  that  the  exter- 
nal air  is  excluded,  it  remains  for  a  longtime  unaltered: 
IFourcroy  filled  a  glass  vessel  almost  completely  with 
jpieces  of  brain,  and  attached  it  to  a  pneumatic  appa- 
ratus ;  a  few  bubbles  of  carbonic  acid  gas  appeared  at 
first,  but  it  remained  above  a  year  without  undergoing 
:  any  farther  change  *. 

This  is  very  far  from  being  the  case  with  brain  ex- 
posed to  the  atmosphere.    In  a  few  days  (at  the  tem- 
:perature  of  6o°)  it  exhales  a  most  detestable  odour,  be- 
comes acid,  assumes  a  green  colour,  and  very  soon  a 
great  quantity  of  ammonia  makes  its  appearance  in  it. 

Cold  water  does  not  dissolve  any  part  of  the  brain  ;  Action  of 
but  by  trituration  in  a  mortar,  it  forms,  with  water,  a  cold  water, 
whitish-coloured  emulsion,  which  appears  homogenous, 
may  be  passed  through  a  filter,  and  the  brain  does  not 
precipitate  by  rest.  When  this  emulsion  is  heated  to 
1 450,  a  white  coagulum  is  formed.  The  addition  of  a 
great  quantity  of  water  also  causes  a  coagulum  to  ap- 
pear, which  swims  on  the  surface,  but  the  water  still 
retains  a  milky  colour.  When  sulphuric  acid  is  dropt 
into  the  watery  emulsion  of  brain,  white  flakes  separate 
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^Book  v.  ^  antl  swim  on  the  surface,  and  the  liquid  becomes  red. 

Nitric  acid  produces  the  same  effects,  only  the  liquid 
becomes  yellow.    Alcohol  also  separates  a  white  coa- 
gulum  from  the  emulsion,  after  it  has  been  mixed  with 
it  for  some  hours.    When  nitric  acid  is  added  to  the 
emulsion  till  it  becomes  slightly  acid,  a  coagulum  is* 
also  separated.    This  coagulum  is  of  a  white  colour;  it 
is  insoluble  in  water  and  in  alcohol.    Heat  softens,  but 
does  not  melt  it.    When  dried,  it  becomes  transparent, 
and  breaks  with  a  glassy  fracture.    It  has  therefore 
some  resemblance  to  albumen  *. 
Ofsulphn-       When  brain  is  triturated  in  a  mortar  with  dilute 
nc  acid,      sulphuric  acid,  part  is  dissolved,  the  rest  may  be  separa- 
ted, by  filtration,  in  the  form  of  a  coagulum.  Th 
acid  liquor  is  colourless.    By  evaporation,  the  liquid 
becomes  black,  sulphurous  acid  is  exhaled,  and  crystals 
appear  ;  and  when  evaporated  to  dryness,  a  black  mass 
Temains  behind.  When  this  mass  is  diluted  with  water, 
a  quantity  of  charcoal  separates,  and  the  water  remains 
<clear.    The  brain  is  completely  decomposed,  a  quantity 
of  ammonia  combines  with  the  acid  and  forms  sulphat 
of  ammonia,  while  charcoal  is  precipitated.  The  water, 
by  evaporation  and  treatment  with  alcohol,  yields  sul- 
phats  of  ammonia  and  lime,  phosphoric  acid,  and  phos- 
phats  of  soda  and  ammonia.    Brain  therefore  contains 
Phosphat  of  limej 

 soda 

■  ■"'   ammonia. 

Traces  also  of  sulphat  of  lime  can  be  discovered  in  it. 
The  quantity  of  these  salts  is  very  small  j  altogether  they 
do  not  amount  to  ^^tx  partf. 


*  Ann.  4c  Cliim.  xvi.  388.  f  Ibid. 
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Diluted  nitric  acid,  when  triturated  with  brain,  like-  t  Chap.  II. , 
wise  dissolves  a  part,  and  coagulates  the  rest.  The  so-  Of  nitric 
Uution  is  transparent.  When  evaporated  till  the  acid 
Becomes  concentrated,  carbonic  acid  gas  and  nitrous 
tgas  are  disengaged ;  an  effervescence  takes  place,  white 
ifumes  appear,  an  immense  quantity  of  ammonia  is  dis- 
tengaged,  a  bulky  charcoal  remains  mixed  with  a  con- 
,«iiderable  quantity  of  oxalic  acid  *. 

When  brain  is  gradually  evaporated  to  dryness  by 
Itht  heat  of  a  water  bath,  a  portion  of  transparent  li- 
quid separates  at  first  from  the  rest,  and  the  residuum, 
when  nearly  dry,  acquires  a  brown  colour ;  its  weight 
^amounts  to  about  one- fourth  of  the  fresh  brain.  It  may 
still  be  formed  into  an  emulsion  with  water,  but  very 
soon  separates  again  spontaneously. 

When  alcohol  is  repeatedly  boiled  upon  this  dried  Of  ajcohol, 
iresiduum  till  it  ceases  to  have  any  more  action,  it  dis- 
isolves  about  five-eighths  of  the  whole.  When  this  al- 
icohol  cools,  it  deposites  a  yellowish  white  substance, 
(composed  of  brilliant  plates.  When  kneaded  together 
lby  the  fingers,  it  assumes  the  appearance  of  a  ductile 
jpaste  :  at  the  temperature  of  boiling  water  it  becomes 
tsoft,  and  when  the  heat  is  increased  it  blackens,  exhales 
empyreumatic  and  ammoniacal  fumes,  and  leaves  behind 
it  a  charry  matter  f.  When  the  alcohol  is  evaporated, 
:it  deposites  a  yellowish  black  matter,  which  reddens 
jpaper  tinged  with  turnsole,  and  readily  diffuses  itself 
:  through  water  J.  "     .  . 

Pure  concentrated  potass  dissolves  brain,  disengaging  Of  Potass, 
a  great  quantity  of  ammonia. 

These  facts  are  sufficient  to  shew  us,  that,  exclusive 


*  Ann.  de  Cbim.  xvi.  307. 
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Book  V.  of  the  small  proportion  of  saline  ingredients,  brain  ia 
Composi-  composed  of  a  peculiar  matter,  differing  in  many  par- 
lrain°f  ticulars  from  all  other  animal  substances,  but  having  a 
considerable  resemblance  in  many  of  its  properties  to 
albumen.  Brain  has  been  compared  to  a  soap ;  but  it 
is  plain  that  the  resemblance  is  very  faint,  as  scarcely 
any  oily  matter  could  be  extricated  from  brain  by  Four- 
croy,  though  he  attempted  it  by  all  the  contrivances 
which  the  present  state  of  chemistry  suggested ;  and  the 
alkaline  proportion  of  it  is  a  great  deal  too  small  to 
merit  any  attention. 


SECT.  VT. 


OF  NAILS,  HORNS,  HAIR,  AND  FEATHERS. 

These  substances  have  not  been  hitherto  analysed  by 
chemists,  of  course  we  are  but  imperfectly  acquainted 
with  their  composition. 
Na»ls>  i.  The  nails  which  cover  the  extremities  of  the 
fingers  are  attached  to  the  epidermis,  and  come  off  along 
with  it.  Mr  Hatchett  has  ascertained  that  they  are 
composed  chiefly  of  a  membranous  substance,  which 
possesses  the  properties  of  coagulated  albumen.  They 
seem  to  contain  also  a  little  phosphat  of  lime.  Water 
softens,  but  does  not  dissolve  them.  But  they  are 
readily  dissolved  and  decomposed  by  concentrated  acids 
and  alkalies. 

Horns  2-  The  horns  and  hoofs  of  quadrupeds  resemble  the 
nails  in  their  properties,  and  are  doubtless  composed  of 
the  same  ingredients,  though  this  has  not  been  ascer- 
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mined  by  experiment.  It  is  scarcely  necessary  to  de-  Chap, 
kscribe  the  products  obtained  by  distilling  them,  as  this 
Kyields  but  little  additional  information.  They  scarcely 
^contain  any  earthy  ingredients.  One  hundred  grains 
[of  ox  horn,  after  calcination,  left  only  0.C4  grain  of 
presiduum,  half  of  which  was  phosphat  of  lime.  Se- 
[wenty-eight  grains  of  chamois  horn  left  five  grains  of 
rresiduum  #. 

3.  Hair  resembles  the  preceding  substances  in  several  Hair, 
<of  its  properties;  but  it  is  much  more  combustible,  and 
approaches  the  oils  in  its  inflammability.    When  dis- 
1  tilled,  1 152  parts  of  hair  yielded  Berthollet  the  follow- 
ing products:      90  carbonat  of  ammonia 

179  water  smelling  of  burnt  hair 
288  oil 
271  gases 
324  coal 

1132 

The  oil  was  of  a  brown  colour,  solid  unless  exposed  to 
a  heat  equal  to  73 °,  very  soluble  in  alcohol,  burnt  with 
great  briliancy,  and  with  scintillations  like  hair.  The 
charcoal  was  difficult  to  incinerate,  and  was  attracted 
by  the  magnet ;  of  course  it  contained  iron.  It  probably 
also  contains  phosphat  of  lime. 

Water  softens  hair  but  does  not  melt  it.  Oxy-muria- 
tic  acid  whitens  it,  or  if  the  hair  be  plunged  into  that 
acid  in  the  state  of  gas,  it  reduces  it  to  a  pulp,  and  dis- 
solves and  decomposes  it  completely.  Nitric  acid  tinges 
it  yellow.  Hair  is  dissolved  by  the  alkalies,  and  is  con- 
verted into  a  kind  of  soap.    When  muriatic  acid  is 


*  Hatchett,  Phil.  Trans.  1799.  F-  £32i 
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Feathers. 


poured  into  this  solution,  a  quantity  of  sulphurated  hy* 
drogen  gas  is  disengaged,  and  a  black  substance,  doubt- 
less charcoal,  precipitates.  Hence  it  follows  that  it 
contains  sulphur.  Accordingly,  if  a  bit  of  silver  is  put 
into  the  solution,  it  instantly  assumes  a  black  colour  *. 

4.  Feathers  seem  to  possess  very  nearly  the  same 
properties  with  hair.  Mr  Hatchett  has  ascertained  that 
the  quill  is  composed  chiefly  of  coagulated  albumen. 


Having  given  the  preceding  account  of  the  solids 
which  compose  animal  bodies,  I  proceed  next  ta  the 
fluid  which  circulates  through  living  bodies,  namely 
Hood;  and  to  the  various  secretions  formed  from  th 
blood,  either  in  order  to  answer  some  important  pur 
pose  to  the  animal,  or  to  be  evacuated  as  useless,  tha 
the  blood  thus  purified  may  be  more  proper  for  answer 
ing  the  ends  for  which  it  is  destined.    Many  of  thes 
substances  have  been  examined  with  more  care  by  che 
mists,  than  the  animal  solids. 


Properties 
of  blood. 


SECT.  VII.  i 

OF  BLOOD. 

Blood  is  a  well  known  fluid,  which  circulates  in  the 
veins  and  arteries  of  the  more  perfect  animal.  It  is  of 
a  red  cclonr,  has  a  considerable  degree  of  consistency, 
and  an  unctuous  feel,  as  if  it  contained  a  quantity  of 
•soap.  Its  taste  is  slightly  saline,  and  it  has  a  peculiar 
smell. 


*  Merat-Guillot,  Ann,  de  Cbim.  xxxiv.  70. 
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The  specific  gravity  of  human  blood  is,  at  a  medium,  ,  chaP- IL 
1.0527*.  Mr  Fourcroy  found  the  specific  gravity  of 
bullock's  blood,  at  the  temperature  of  6oQ,  to  be  1.056]; 
The  blood  does  not  uniformly  retain  the  same  consist- 
ence in  the  same  animal,  and  its  consistence  in  different 
animals  is  very  various.  It  is  easy  to  see  that  its  spe- 
cific gravity  must  be  equally  various. 

No  substance  has  attracted  a  greater  degree  of  atten- 
tion than  the  blood.    The  number  of  philosophers  who 
ihave  devoted  their  time  to  develope  its  nature,  and  as- 
certain its  properties,  is  immense.  It  was  not,  however, 
till  towards  the  middle  of  the  eighteenth  century  that 
'much  progress  was  made  in  its  chemical  analysis  %. 
The  prnssic  acid  formed  during  its  decomposition  had 
been  observed;  Hales  had  measured  the  gases  exhaled 
iduring  its  distillation  ;  Menghini  had  demonstrated  the 
jpresence  of  iron  in  it ;  and  several  curious  observations 
Ihad  been  made  upon  its  coagulation.— But  Rouelle  Ju- 
inior  was  the  first  chemist  who  published  a  tolerably 
•  precise  analysis  of  it.    Since  that  time  much  additional 
•information  has  been  acquired  by  the  experiments  of 
ucquet,  Fourcroy,  Deyeux,  Parrnentier,  &c. 
When  blood,  after  being  drawn  from  an  animal,  is  Spontane- 
jiallowed  to  remain  for  some  time  at  rest,  it  Very  soon  co- 
igulates  into  a  solid  mass,  of  the  consistence  of  curdled 
milk.     This  mass  gradually  separates  into  two  parts  : 
>ne  of  which  is  fluid,  and  is.  called  serum  ;  .the  other, 
:he  coagulum,  has  been  ifoled  cru6r,  because  it  alone 
etains  the  red  colour  which  distinguishes  blood.  This 


ous  decom-'  - 


*  Haller's  Physiology,  ii.  41.  f  Ann.  de.  CJ  In.  vii.  147. 

4  A  very  full  account  of  every  thing  that  had  been  done  before  that 
i:ime,  may  be  found  in  the  second  volume  of  Haller's  Physiology. 
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,k  v<  ,  separation  is  very  similar  to  the  separation  of  curdled 
milk  into  curds  and  whey. 

Tiie  proportion  between  the  cruor  and  serum  of  the 
blood  varies  much  in  different  animals,  and  even  in  the 
same  animal  in  different  circumstances.  The  most  com- 
mon proportion  is  about  one  part  of  cruor  to  three 
parts  of  serum  ;  but  in  many  cases  the  cruor  exceeds 
and  falls  short  of  this  quantity  ;  the  limits  of  the  ratios 
of  these  substances  to  each  other  appear,  from  a  com- 
parison of  the  conclusions  of  most  of  those  who  have 
written  accurately  on  the  subject,  to  be  I  :  i  and  1:4; 
but  the  first  case  must  be, very  rare  indeed*. 

The  cause  of  this  spontaneous  decomposition  of  blood 
has  not  hitherto  been  ascertained.  The  coagulation 
takes  place  equally  in  close  vessels  and  in  the  open  air, 
whether  the  blood  be  allowed  to  cool,  or  be  kept  at  the 
temperature  at  which  it  is  when  it  issues  from  the  ani- 
mal ;  neither  is  the  coagulation  prevented  by  diluting 
it  with  water,  as  has  been  sufficiently  proved  by  the  ex- 
periments ofHewson,  Hunter,  Deyeux  and  Parmentier. 

Serum      I.  The  serum  is  of  a  light  greenish  yellow  colour; 
it  has  the  taste,  smell,  and  feel  of  the  blood,  but  its  con-J 
sistence  is  not  so  great.    Its  mean  specific  gravity  is] 
about  1.02S7  f.     It  converts  syrup  of  violets  to  a 
green,  and  therefore  contains  an  alkali.    On  examina- 
tion, Rouelle  found  that  it  owes  this  property  to  a  por-J 
tion  of  soda.  When  heated  to  the  temperature  of  r  j6°  J,  j 
the  serum  coagulates,  as  Harvey  first  discovered  J.  It 
coagulates  also  when  boiling  water  is  mixed  with  it ; 
but  if  serum  be  mixed  with  six  parts  of  cold  water,  it 


*  Bailer's  Physiology,  ii.  47. 
I  Cullen.- 


f  Jurin,  Haller's  Physiology,  ii.  41 
§  De  Gcner.  Anim.  p.  idi. 
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does  not  coagulate  by  heat*.    When  thus  coagulated,     Chap.  1 1. 
It  has  a  greyish  white  colour,  and  is  not  unlike  the 
boiled  white  of  an  eggf .    If  the  coagulum  be  cut  into 
small  pieces,  a  muddy  fluid  may  be  squeezed  from  it, 
which  has  been  termed  the  serosity.    After  the  separa- 
tion of  this  fluid,  if  the  residuum  be  carefully  washed 
in  boiling  water  and  examined,  it  will  be  found  to-pos-  Contains 
sess  all  the  properties  of  albumen.    The  serum,  there-  ' 
fore,  contains  a  considerable  proportion  of  albumen. 
Hence  its  coagulation  by  heat,  and  the  other  phenomena 
which  albumen  usually  exhibits. 

If  serum  be  diluted  with  six  times  its  weight  of  wa-  Gelatine, 
ter,  and  then  boiled  to  coagulate  the  albumen,  the  li- 
quid which  remains  after  the  separation  of  the  coagu- 
lum, if  it  be  gently  evaporated  till  it  becomes  concen- 
trated, and  then  be  allowed  to  cool,  assumes  the  form 
of  a  jelly,  as  was  first  observed  by  De  Haenf.  Conse- 
quently it  contains  gelatine. 

If  the  coagulated  serum  be  heated  in  a  silver  vessel,  Sulphur, 
the  surface  of  the  silver  becomes  black,  being:  converted 
into  a  sulphuret.    Hence  it  is  evident  that  it  contains 
sulphur§,  and  Proust  has  ascertained  that  it  is  combined 
with  ammonia  in  the  state  of  a  hydrosulphuret. 

If  serum  be  mixed  with  twice  its  weight  of  water,  And  salt* 
and,  after  coagulation  by  heat,  the  albumen  be  separa- 
ted by  filtration,  and  the  liquid  be  slowly  evaporated 
till  it  is  considerably  concentrated,  a  number  of  crystals 
are  deposited  when  the  liquid  is  left  standing  in  a  cool 
place.  These  crystals,  first  examined  by  Rouelle,  con- 
sist of  carbonat  of  soda,  muriat  of  soda,  besides  phos- 


*  Fourcroy,  Ann.  de  C/j'im.  vii.  157.  f  Ibid.  ij6. 

J  Ibid.  1,57.       §  Dcyeux  and  Parmcntier,  Jour.  de.  P/jys. xliv.  437. 
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,  Book.  V.  phat  of  soda,  and  phosphat  of  lime.  The  soda  exist*  in 
the  blood  in  a  caustic  state,  and  seems  to  be  combined 
with  the  gelatine  and  albumen.  The  carbonic  acid 
combines  with  it  during  evaporation. 

Thus  it  appears  that  the  serum  of  the  blood  contains 
albumen,  gelatine,  hydrosulphuret  of  ammonia,  soda, 
muriat  of  soda,  phosphat  of  soda,  and  phosphat  of  lime. 
These  component  parts  account  for  the  coagulation  oc- 
casioned in  the  serum  by  acids  and  alcohol,  and  the  pre- 
cipitation produced  by  tan,  acetite  of  lead,  and  other 
metallic  salts. 

Creor  con-  2.  The  cruoi",  or  clot  as  it  is  sometimes  called,  is  of  a 
fibn"  red  colour,  and  possesses  considerable  consistence.  Itii 
mean  specific  gravity  is  about  1.245*.  ^  ^'ls  cru" 
or  be  washed  carefully  by  letting  a  small  jet  of  water 
fall  upon  it,  till  the  water  runs  off  colourless,  it  is  partly 
dissolved,  and  partly  remains  upon  the  searce.  Thus  it 
is  separated  into  two  portions  ;  namely,  1.  A  white,  so- 
lid, elastic  substance,  which  has  all  the  properties  of fi- 
brina.  2.  The  portion  held  in  solution  by  the  water  ; 
which  consists  of  the  colouring  matter,  not  however  in 
a  state  of  purity,  for  it  is  impossible  to  separate  the 
eruor  completely  from  the  serum. 

We  are  indebted  to  Bucquet  for  the  first  precise  set 
of  experiments  on  this  last  watery  solution.  It  is  of  a 
red  colour.  Bucquet  proved  that  it  contained  albumen 
and  iron.  Menghini  had  ascertained,  that  if  blood  be 
evaporated  to  dryness  by  a  gentle  heat,  a  quantity  of 
iron  may  be  separated  from  it  by  the  magnet.  The 
quantity  which  he  obtained  was  considerable  ;  accord- 
ing to  him,  the  blood  of  a  healthy  man  contains  above 


*  Jurin,  Hallcr's  Physiology,  ii.  41- 
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two  ounces  of  it.    New,  as  neither  the  serum  nor  the  t  Chap.  11. 
fibrina  extracted  from  the  cruor  contain  iron,  it  follows 
of  course,  that  the  water  holding  the  colouring  matter 
in  solution  must  contain  tne  whole  of  that  metal. 

This  watery  solution  gives  a  green  colour  to  syrup  Albumen, 
of  violets.  When  exposed  to  the  air,  it  gradually 
deposites  flakes,  which  have  the  properties  of  albu- 
men. When  heated,  a  brown-coloured  scum  gathers  on  Soda' 
its  surface.  If  it  be  evaporated  to' dryness,  and  then 
mixed  with  alcohol,  a  portion  is  dissolved,  and  the  al- 
coholic solution  yields  by  evaporation  a  residuum,  which 
lathers  like  soap  in  water,  and  tinges  vegetable  blues 
green  ;  the  acids  occasion  a  precipitate  from  its  solu- 
tion. This  substance  is  a  compound  of  albumen  and 
soda.  Thus  we  see  that  the  watery  solution  contains 
albumen,  iron,  and  soda. 

Fourcroy  and  Vauquelin  have  ascertained  that  the  ^jp0f0S* 
iron  is  combined  with  phosphoric  acid,  and  in  the  state  iron, 
of  sub-phosphat  of  iron  ;  thus  confirming  an  opinion 
which  had  been  maintained  by  Sage,  and  announced  as 
a  fact  by  Gren.  If  the  residuum  obtained  by  evapo- 
rating the  watery  solution  of  the  colouring  matter  of 
blood  to  dryness  be  burnt  in  a  crucible,  there  will  re- 
main a  deep  red  ferruginous  substance,  amounting  to 
0.045  of  the  blood  employed.  Nitric  acid  digested  on 
this  residuum  dissolves  a  portion,  which  is  phosphat  of 
iron,  and  is  precipitated  white  by  ammonia,  but  assumes 
a  red  colour  when  treated  with  pure  potass.  When  lime- 
water  is  poured  into  the  potass  employed,  phosphat  of 
lime  precipitates.  By  this  treatment  they  ascertained, 
that  \£  of  the  residuum  consisted  of  sub-phosphat  of 
iron.  Now  phosphat  of  iron  is  soluble  in  acids,  but  in- 
soluble in  water  ;  when  treated  with  pure  alkalies,  it 
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.  Bo°^  V; ,  lo5es  a  portion  of  its  acid,  assumes  a  red  colour,  and  is 
converted  into  sub-phosphat.  Hence  it  is  evidently  the 
soda  of  the  blood  which  reduces  it  to  that  state,  or  at 
least  maintains  it  in  that  state.  Sub-phosphat  of  iron 
readily  dissolves  in  albumen  and  in  serum*. 

3.  When  new  drawn  blood  is  stirred  briskly  round 
with  a  stick,  or  the  hand,  the  whole  of  the  fibrina  col- 
lects together  upon  the  stick,  and  in  this  manner  may 
be  separated  altogether  from  the  rest  of  the  blood.  The 
red  globules,  in  this  case,  remain  behind  in  the  serum. 
It  is  in  this  manner  that  the  blood  is  prepared  for  the 
different  purposes  to  which  it  is  put ;  as  clarifying  su- 
gar, making  puddings,  &c.  After  the  fibrina  is  thus 
separated,  the  blood  no  longer  coagulates  when  allowed 
to  remain  at  rest,  but  a  spongy  flaky  matter  separates 
from  it,  and  swims  on  the  surface  f . 
Action  of  "When  blood  is  dried  by  a  gentle  heat,  water  exhales 
blood?"  from  it,  retaining  a  very  small  quantity  of  animal  mat- 
ter in  solution,  and  consequently  having  the  odour  of 
blood.  Blood  dried  in  this  manner  being  introduced  in- 
to a  retort  and  distilled,  there  comes  over,  first  a  clear 
watery  liquor,  then  carbonic  acid  gas,  and  carbonat  of 
ammonia,  which  crystallizes  in  the  neck  of  the  retort ; 
after  these  products  there  comes  over  a  fluid  oil,  carbo- 
nated hydrogen  gas,  and  an  oily  substance  of  the  con- 
sistence of  butter.  The  watery  liquor  possesses  the  pro- 
perty of  precipitating  from  sulphat  of  iron  a  green  pow- 
der :  muriatic  acid  dissolves  part  of  this  powder,  and 
there  remains  behind  a  little  prussian  blue.  Conse- 
quently this  watery  liquor  contains  both  an  alkali  and 
prussic  acid  |. 


*  Fowcroy,  ix.  152. 

■J-  Fourcroy,  Ann,  de  Chim.  vii.  146.       f  Ibid.  153. 
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9216  grains  of  dried  blood  being  put  into  a  large  |  Chap,  n.^ 
crucible,  and  gradually  heated,  at  first  became  nearly- 
fluid,  and  swelled  up  considerably,  emitted  a  great  ma- 
ny fetid  fumes  of  a  yellowish  colour,  and  at  last  took 
fire  and  burned  with  a  white  flame,  evidently  owing  to 
the  presence  of  oil.  After  the  flame  and  the  fumes  had 
disappeared,  a  light  smoke  was  emitted,  which  affected 
the  eyes  and  the  nose,  which  had  the  odour  of  prussic 
acid,  and  reddened  moist  papers  stained  with  vege-table 
blues.  At  the  end  of  six  hours,  when  the  matter  had 
lost  five-sixths  of  its  substance,  it  melted  anew,  exhibit- 
ed a  purple  flame  on  its  surface,  and  emitted  a  thick 
smoke.  This  smoke  affected  the  eyes  and  nostrils,  and 
reddened  blue  paper,  but  it  had  not  the  smeilof  prussic 
acid.  When  a  quantity  of  it  was  collected  and  exa- 
mined, it  was  found  to  possess  the  properties  of  phos- 
phoric acid.  The  residuum  amounted  to  181  grains; 
it  had  a  deep  black  colour,  and  a  metallic  brilliancy  ; 
and  its  particles  were  attracted  by  the  magnet.  It  con- 
tained no  uncombined  soda,  though  the  blood  itself,  be- 
fore combustion,  contains  it  abundantly  *,  but  water  ex- 
tracted from  it  muriat  of  soda :  part  of  the  remainder  was 
dissolved  by  muriatic  acid,  and  of  course  was  lime;  there 
was  besides  a  little  silica,  which  had  evidently  been  se- 
parated from  the  crucible.  The  iron  had  been  reduced 
during  the  combustion  *. 

Such  are  the  properties  of  blood,  as  far  as  they  have  Component 
been  hitherto  ascercained  by  experiment.  We  have  seen  blood.0' 
that  it  contains  the  following  ingredients  : 

1.  Water,  3.  Albumen, 

2.  Fibrina,  4.  Gelatine, 


*  Fourcroy,  Ann.  dc  Cbim.  vli.  151. 
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Book  v-  ,  5.  Hydrosulphuret  of  ammonia,     8.  Muriat  of  soda, 

6.  Soda,  9.  Phosphat  of  soda, 

7.  Sub-phosphat  of  iron,  10.  Phosphat  of  lime. 
Besides  benzoic  acid,  which  has  been  detected  by  Proust. 

4.  But  our  knowledge  of  this  singular  fluid  is  by  no 
means  so,  complete  as  it  ought  to  be  ;  a  more  accurate 
analysis  would  probably  discover  the  presence  of  other 
substances,  and  enable  us  to  account  for  many  of  the 
properties  of  blood  which  at  present  are  inexplicable. 

It  would  be  of  great  consequence  also  to  compare 
together  the  blood  of  different  animals,  and  of  the  same 
animal  at  different  ages,  and  to  ascertain  in  what  parti- 
culars they  differ  from  each  other.  This  would  pro- 
bably throw  light  on  some  of  the  obscurest  parts  of  the 
animal  economy.  Very  little  progress  has  hitherto  been 
made  in  these  researches.  If  we  except  the  labours  of 
Rouelle,  who  obtained  nearly  the  same  ingredients, 
though  in  different  proportions,  from  the  blood  of  a 
great  variety  of  animals,  the  experiments  of  Fourcroy 
on  the  blood  of  the  human  fcetus  are  almost  the  only 
ones  of  that  kind  with  which  we  are  acquainted. 
Blood  of  He  found  that  it  differs  from  the  blood  of  the  adult 
in  three  things  1.  Its  colouring  matter  is  darker,  and 
seems  to  be  more  abundant ;  2.  It  contains  no  fibrina, 
but  probably  a  greater  proportion  of  gelatine  than  blood 
of  adults;  3.  It  contains  no  phosphoric  acid 

The  examination  of  diseased  blood,  too,  would  be  of 
great  consequence  ;  because  the  difference  of  its  proper- 
ties from  the  blood  of  people  in  health  might  throw 
much  light  on  the  nature  of  the  disease. 

Deyeux  and  Parmentier,  to  whom  we  are .  indebted 


the  foetus. 


*  Fourcroy,  4nn.de  Cbim.\'\i.  16?, 


BL001>. 


393 


for  an  excellent  analysis  of  blood,  examined  that  liquid    Chap.  II. 

I ...  —  -y  —  ■■■■ 

drawn  from  patients  labouring  under  different  diseases  ; 
but  the  result  of  their  examination  was  not  so  satisfac- 
:ory  as  might  have  been  expected.. 

1.  It  has  been  long  known,  that  blood  drawn  from  a  Diseased 
person  labouring  under  inflammation,  is  soon  covered  blooJ- 
with  a  white  crust,  which  is  distinguished  by  physicians 

3y  the  name  of  the  huffy  coat>  and  which  characterises 
3lood  during  inflammation,  Deyeux  and  Parmtvntier 
ascertained  that  this  buffy  coat  consists  of  the  fib  rina. 
The  cruor  deprived  of  this  substance  is  much  s<  )fter 
than  usual,  and  almost  totally  soluble  in  water.  '  The 
albumen  of  the  serum  is  also  altered,  for  it  does  not  c  :oa- 
plate  as  usual  when  heated,  but  becomes  milky  wl  ven 
mixed  with  hot  water. 

2.  The  blood  drawn  from  several  patients  labouri.  ag 
under  sea  scurvy,  afforded  scarcely  any  remarkable  pi  'o- 
perties  to  these  chemists,  except  a  peculiar  smell,  a.  id 
an  albumen  which  was  not  so  easily  coagulated  as  usur  I. 

3.  The  blood  drawn  from  patients  afflicted  with  a 
putrid  fever  was  also  examined  by  these  chemists.  Some 
times  it  exhibited  the  inflammatory  crust,  but  frequent  - 
.y  it  did  not  appear  to  differ  from  healthy  blood  *. 

4.  During  that  disease  which  is  known  by  the  name} 
Df  diabetes,,  in  which  the  urine  is  excessive  in  quantity, 
and  contains  sugar,  the  serum  of  blood  often,  as  ap- 
pears from  the  experiments  of  Dr  Dobson  and  Dr  Rollo, 
issumes  the  appearance  of  whey;  and,  like' it,  seems 
:o  contain  sugar,  or  at  least  it  has  lost  it  usual  salt  taste. 


*  your,  dc  Phys.  xliv.  454, 
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Book  V. 


SECT.  VIII. 


OF  MILK. 


M  ILK  is  a  fluid  secreted  by  the  female  of  all  those 
animals  denominated  mammalia,  and  intended  evidently 
for  the  nourishment  of  her  offspring. 

The  milk  of  every  animal  has  certain  peculiarities 
which  distinguish  it  from  every  other  milk.  But  the 
animal  whose  milk  is  most  made  use  of  by  man  as  an 
article  of  food,  and  with  which,  consequently,  we  are 
best  acquainted,  is  the  cow.  Chemists,  therefore,  have 
made  choice  of  cow's  milk  for  their  experiments.  I 
shall  at  first  confine  myself  to  the  properties  and  ana- 
lysis of  cow's  milk,  and  afterwards  point  out  in  what 
respect  the  milk  of  other  animals  differs  from  it,  as  far 
at  least  as  these  differences  have  hitherto  been  ascer- 
tained. 

Properties  Milk  is  an  opaque  fluid,  of  a  white  colour,  a  slight 
peculiar  smell,  and  a  pleasant  sweetish  taste.  When 
newly  drawn  from  the  cow,  it  has  a  taste  very  different 
from  that  which  it  acquires  after  it  has  been  kept  for 
some  hours. 

It  is  liquid,  and  wets  all  those  substances  which  can 
be  moistened  by  water;  but  its  consistence  is  greater 
than  that  of  water,  and  it  is  slightly  unctuous.  Like 
water,  it  freezes  when  cooled  down  to  about  300  ;  but 
Parmentier  and  Deyeux,  to  whom  we  are  indebted  for 
by  far  the  completest  account  of  milk  hitherto  publish- 
ed, found  that  its  freezing  point  varies  considerably  in 
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the  milk  of  different  cows,  and  even  of  the  same  cow  Chap.  IL  ^ 
at  different  times  *.  Milk  boils  also  when  sufficiently  ^  w 
heated ;  but  the  same  variation  takes  place  in  the  boil- 
ing point  of  different  milks,  though  it  never  deviates 
very  far  from  the  boiling  point  of  water.  Milk  is  spe- 
cifically heavier  than  water,  and  lighter  than  blood ; 
but  the  precise  degree  cannot  be  ascertained,  because 
almost  every  particular  milk  has  a  specific  gravity  pecu- 
liar to  itself. 

When  milk  is  allowed  to  ^remain  for  some  time  at  Spontane- 
rest,  there  collects  on  its  surface  a  thick  unctuous  yel-  £0*^"™" 
lowish  coloured  substance,  known  by  the  name  of  cream. 
The  cream  appears  sooner  in  milk  in  summer  than  in 
winter,  evidently  owing  to  the  difference  of  tempera- 
ture. In  summer,  about  four  days  of  repose  are  ne- 
cessary befoi'e  the  whole  of  the  cream  collects  on  the 
surface  of  the  liquid;  but  in  winter  it  requires  at  least 
double  the  time  \ . 

After  the  cream  is  separated,  the  milk  which  remains 
is  much  thinner  than  before,  and  it  has  a  bluish  white 
colour.  If  it  be  heated  to  the  temperature  of  ioo°, 
and  a  little  rennet,  which  is  water  digested  with  the 
inner  coat  of  a  calf's  stomach,  and  preserved  with  salt, 
be  poured  into  it,  coagulation  ensues  ;  and  if  the  coagu- 
lum  be  broken,  the  milk  very  soon  separates  into  two 
substances ;  a  solid  white  part,  known  by  the  name  of 
curd,,  and  a  fluid  part  called  whey. 

Thus  we  see  that  milk  may  be  easily  separated  into 
three  parts  •,  namely,  cream,  curd,  and  whey. 

1.  Cream  is  of  a  yellow  colour,  and  its  consistence  crcam 
increases  gradually  by  exposure  to  the  atmosphere.  In 
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Eookv-  ,  three  or  four  days,  it  becomes  so  thick  that  the  vessel 
which  contains  it  may  be  inverted  without  risking  any 
loss.  In  eight  or  ten  days  more,  its  surface  is  covered 
over  with  mucors  and  byssi,  and  it  has  no  longer  the 
flavour  of  cream,  but  of  very  fat  cheese*.  This  is  the 
process  for  making  what  in  this  country  is  called  a  cream 
cheese. 

Cream  possesses  many  of  the  properties  of  an  oil.  It 
is  specifically  lighter  than  water,  it  has  an  unctuous 
feel,  stains  clothes  precisely  in'  the  manner  of  oil ;  and 
if  it  be  kept  fluid,  it  contracts  at  last  a  taste  which  is 
very  analogous  to  the  rancidity  of  oils  f.  When  kept 
boiling  for  some  time,  a  little  oil  makes  its  appearance, 
and  floats  upon  its  surface  %.  Cream  is  neither  soluble 
in  alcohol  nor  oils  §.  These  properties  are  sufficient  to 
shew  us  that  it  contains  a  quantity  of  oil  ;  but  this  oil 
is  combined  with  a  part  of  the  curd,  and  mixed  with 
some  serum.  Cream,  then,  is  composed  of  a  peculiar 
Converted  oil,  curd,  and  serum.  The  oil  may  be  easily  obtained 
separate  by  agitating  the  cream  for  a  considerable  time. 
This  process,  known  to  every  body,  is  called  churning. 
After  a  certain  time,  the  cream  separates  into  two  por- 
tions :  one  fluid,  and  resembling  creamed  milk  ;  the 
other  solid,  and  called  butter. 

Butter  is  of  a  yellow  colour,  possesses  the  properties 
of  an  oil,  and  mixes  readily  with  other  oily  bodies. 
When  heated  to  the  temperature  of  96 °,  it  melts,  and 
becomes  transparent  ;  if  it  be  kept  for  some  time  melt- 
ed, some  curd  and  water  or  whey  separate  from  it,  and 
it  assumes  exactly  the  appearance  of  oil  ||.    But  this 


into  batter. 
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irocess  deprives  it  in  a  great  measure  of  its  peculiar 
lavour. 

When  butter  is  kept  for  a  certain  time,  it  becomes 
ancid,  owing  in  a  good  measure  to  the  presence  of 
hese  foreign  ingredients  ;  for  if  butter  be  well  washed, 
nd  a  great  portion  of  these  matters  separated,  it  does 
lot  become  rancid  nearly  so  soon  as  when  it  is  not  treat- 
d  in  this  manner.    It  was  formerly  supposed  that  this 
jancidity  was  owing  to  the  developement  of  a  peculiar 
cid  ;  but  Parmentier  and  Deyeux  have  shewn  that  no 
ucid  is  present  in  rancid  butter  *.    When  butter  is  di- 
alled, there  comes  over  water,  sebacic  acid,  and  oil,  at 
iirst  fluid,  but  afterwards  concrete.    The  carbonaceous 
residuum  is  but  small. 

Butter  may  be  obtained  by  agitating  cream  newly  Nature  of 

i         •     •         mi  11  this  change, 

jaken  from  milk,  or  even  by  agitating  milk  newly  drawn 

r'rom  the  cow.    But  it  is  usual  to  allow  cream  to  re- 
main for  some  time  before  it  is  churned.    Now  cream, 
i>y  standing,  acquires  a  sour  taste  ;  butter  therefore  is 
:ommonly  made  from  sour  cream.  Fresh  cream  requires 
\t  least  four  times  as  much  churning  before  it  yields  its 
utter  as  sour  cream  does  f;  consequently  cream  ac- 
quires, by  being  kept  for  some  time,  new  properties,  in 
onsequence  of  which  it  is  more  easily  converted  into 
cutter.    When  very  sour  cream  is  churned,  every  one 
who  has  paid  the  smallest  attention  must  have  perceived, 
:hat  the  butter  milk,  after  the  churning,  is  not  nearly 
;o  sour  as  the  cream  had  been.  The  butter,  in  all  cases, 
.-s  perfectly  sweet;  consequently  the  acid  which  had 
:jeen  evolved  has  in  a  great  measure  disappeared  during 
';he  process  of  churning.    It  has  been  ascertained^  that 


*  Fourcroy,  Ann.  de  Cbim.  vii.  375. 
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Book  cream  may  be  churned,  and  butter  obtained,  though  the 
contact  of  atmospheric  air  be  excluded  *.  I  have  no 
doubt,  that  in  all  cases  where  such  an  experiment  suc- 
ceeded, the  cream  on  which  it  was  made  had  previously 
become  sour.  On  the  other  hand,  it  has  been  ascer- 
tained, that  when  cream  is  churned  in  contact  with 
air,  it  absorbs  a  considerable  quantity  of  it  -f-  j  and  it 
cannot  be  doubted  that  the  portion  absorbed  is  oxygen. 

These  facts  are  sufficient  to  afford  us  a  key  to  ex- 
plain what  takes  place  during  the  process  of  churning. 
There  is  a  peculiar  oil  in  milk,  which  has  so  strong  an 
affinity  for  the  other  ingredients-,  that  it  will  not  sepa- 
rate from  them  spontaneously ;  but  it  has  an  affinity  for 
oxygen,  and  when  combined  with  it,  forms  the  concrete 
body  called  butter.  Agitation  produces  this  combination 
of  the  oil  with  oxygen ;  either  by  causing  it  to  absorb 
.  oxygen  from  the  air,  or,  if  that  be  impossible,  by  separa- 
ting it  from  the  acid  which  exists  in  sour  cream.  Hence 
the  absorption  of  air  during  churning  ;  hence  also  the 
increase  of  temperature  of  the  cream,  which  Dr  Young 
found  to  amount  constantly  to  a°  ;  and  hence  the 
sweetness  of  the  butter-milk  compared  with  the  cream 
from  which  it  was  obtained. 

The  affinity  of  the  oil  of  cream  for  the  other  ingre- 
dients is  such,  that  it  never  separates  completely  from 
them.  Not  only  is  curd  and  whey  always  found  in  the 
cream,  but  some  of  this  oil  is  constantly  found  in  cream- 1 
cd  milk  and  even  in  whey :  for  it  has  been  ascertained 
by  actual  experiment,  that  butter  may  be  obtained  by 
churning  whey;  27  Scotch  pints  of  whey  yield  at  an 
average  about  a  pound  of  butter  J.    This  accounts  for 
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| .  Fact  well  known  to  those  who  superintend  dairies,  that 
1:  good  deal  more  butter  may  be  obtained  from  the  same 
Imantity  of  milk,  provided  it  be  churned  as  drawn  from 
j  he  cow,  than  when  the  cream  alone  is  collected  and 
iLhurned. 

lhe  butter-milk,  as  Parmentier  and  Deyeux  ascer- 
tained by  experiment,  possesses  precisely  the  properties 
■of  milk  deprived  of  cream  *. 

2.  Cuhd,  which  may  be  separated  from  creamed  Properties 
■milk  by  rennet,  has  all  the  properties  of  coagulated  al-  oicuT 
BDumen.  It  is  white  and  solid  ;  and  when  all  the  mois- 
;ure  is  squeezed  out,  it  has  a  good  deal  of  bitterness.  It 
as  insoluble  in  water;  but  pure  alkalies  and  lime  dissolve 
lit  readily,  especially  when  assisted  by  heat ;  and  when 
fixed  alkali  is  used,  a  great  quantity  of  ammonia  is 
smitted  during  the  solution.  The  solution  of  curd  in 
da  is  of  a  red  colour,  at  least  if  heat  be  employed  ; 
rowing  probably  to  the  separation  of  charcoal  from  the 
ccurd  by  the  action  of  the  alkali  f .  Indeed,  when  a 
sstrong  heat  has  been  used,  charcoal  precipitates  as  the 
olution  cools  |.  The  matter  dissolved  by  the  alkali, 
rmay  be  separated  from  it  by  means  of  an  acid  ;  but  it 
fchas  lost  all  the  properties  of  curd.  It  is  of  a  black  co- 
Uour,  melts  like  tallow  by  the  application  of  heat,  leaves 
icily  stains  on  paper,  and  never  acquires  the  consistence 
•  of  curd  §.  Hence  it  appears  that  curd,  by  the  action 
iof  a  fixed  alkali,  is  decomposed,  and  converted  into  two 
.new  substances,  ammonia,  and  oil  or  rather  fat. 

Curd  is  soluble  also  in  acids.  If,  over  curd  newly 
jprecipitated  from  milk,  and  not  dried,  there  be  poured 


*  Jour,  dc  Phys.  xxxviii.  J  79. 
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DookV.  eight  parts  of  water,  containing  as  much  of  any  of  the 
"  mineral  acids  as  gives  it  a  sensibly  acid  taste,  the  whole 
is  dissolved  after  a  little  boiling*.  Acetous  acid  and 
lactic  acid  do  not  dissolve  curd  when  very  much  dilu- 
ted f .  But  these  acids,  when  concentrated,  dissolve  it 
readily,  and  in  considerable  quantity  J.  It  is  remark- 
able enough,  that  concentrated  vegetable  acids  dissolve 
curd  readily,  but  have  very  little  action  on  it  when  they 
are  very  much  diluted  :  whereas  the  mineral  dissolve 
it  when  much  diluted  ;  but  when  concentrated,  have 
either  very  little  effect  on  it,  as  sulphuric  acid  §  ;  or 
decompose  it,  as  nitric  acid.  By  means  of  this  last  acid, 
as  Berthollet  discovered,  a  quantity  of  azotic  gas  may 
be  obtained  from  curd. 
Of  cheese.        Curd,  as  is  well  known,  is  used  in  making  cheese; 

and  the  cheese  is  the  better  the  more  it  contains  of 
cream,  or  of  that  oily  matter  which  constitutes  cream. 
It  is  well  known  to  cheesemakers,  that  the  goodness 
of  it  depends  in  a  great  measure  on  the  manner  of  se- 
parating the  whey  from  the  curd.  If  the  milk  be  much 
heated,  the  coagulum  broken  in  pieces,  and  the  whey 
forcibly  separated,  as  is  the  practice  in  many  parts  of 
Scotland,  the  cheese  is  scarce  good  for  any  thing ;  but 
the  whey  is  delicious,  especially  the  last  squeezed  out 
whey,  and  butter  may  be  obtained  from  it  in  consider- 
able quantity.  A  full  proof  that  nearly  the  whole 
creamy  part  of  the  milk  has  been  separated  with  the 
whey.  Whereas  if  the  milk  be  not  too  much  heated 
(about  ioo°  is  sufficient),  if  the  coagulum  be  allowed 
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remain  unbroken,  and  the  whey  be  separated  by  very    Chap.  II. 
low  and  gentle  pressure,  the  cheese  is  excellent ;  but  '  v 
he  whey  is  almost  transparent,  and  nearly  colourless. 

Good  cheese  melts  at  a  moderate  heat;  but  bad 
cheese,  when  heated,  dries,  curls,  and  exhibits  all  the 
ihenomena  of  burning  horn.  Hence  it  is  evident,  that 
ill  the  properties  in  which  curd  differs  from  albumen 
tire  owing  to  its  containing  combined  with  it  a  quantity 
of  the  peculiar  oil  which  constitutes  the  distinguishing 
Characteristic  of  cream  ;  hence  its  flavour  atad  smell, 
ind  hence  also  the  white  colour  of  milk. 

This  sameness  of  curd  and  albumen  shews  us,  that  Coagula- 
fche  coagulation  of  milk  and  of  albumen  depend  upon  tlonofmilk* 
he  same  cause.  Heat,  indeed,  does  not  coagulate  milk, 
necause  the  albumen  in  it  is  diluted  with  too  large  a 
Ijuantity  of  water  ;  but  if  milk  be  boiled  in  contact 
ivith  air,  a  pellicle  soon  forms  on  its  surface,  which  has 
Ihe  properties  of  coagulated  albumen.  If  this  pellicle  be 
temoved,  another  succeeds  j  and  by  continuing  the  boil- 
ing, the  whole  of  the  albuminous  or  curdy  matter  may 
ie  separated  from  milk  *.    When  this  pellicle  is  allow- 
ed to  remain,  it  falls  at  last  to  the  bottom  of  the  vessel, 
/here,  being  exposed  to  a  greater  heat,  it  becomes 
rown,  and  communicates  to  milk  that  disagreeable 
iste  which,  in  this  country,  is  called  a  singed  taste.  It 
appens  more  readily  when  milk  is  boiled  along  with 
ice,  flour,  &c. 

If  to  boiling  milk  there  be  added  as  much  of  any  neu- 
ral salt  as  it  is  capable  of  dissolving,  or  of  sugar,  or  of 
um  arabic,  the  milk  coagulates,  and  the  curd  separatesf . 


*  Parmcntier,  Jour,  de  Pbys.  xxxviii.  415.  f  Scheele,  ii.  52, 
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,  Eo"k  v-  <   Alcohol  also  coagulates  milk  #  ;  as  do  all  acids,  rennet, 
and  the  infusion  of  the  flowers  of  artichoke  and  of  the 
thistle  f .    If  milk  be  diluted  with  ten  times  its  weight 
of  water,  it  cannot  be  made  to  coagulate  at  all  J. 
Whey  ^.  Whey,  after  being  filtered  to  separate  a  quantity 

of  curd  which  still  continues  to  float  through  it,  is  a 
thin  pellucid  fluid,  of  a  yellowish  green  colour  and  plea- 
sant sweetish  taste,  in  which  the  flavour  of  milk  may 
be  distinguished.  It  always  contains  some  curd ;  but 
nearly  the  whole  may  be  separated  by  keeping  the  whey 
for  some  time  boiling  ;  a  thick  white  scum  gathers  on 
the  surface,  which  in  Scotland  is  known  by  the  name  of 
float  whey.  When  this  scum,  which  consists  of  the 
curdy  part,  is  carefully  separated,  the  whey,  after  be- 
ing allowed  to  remain  at  rest  for  some  hours,  to  give 
the  remainder  of  the  curd  time  to  precipitate,  is  decant-, 
ed  ofF  almost  as  colourless  as  water,  and  scarcely  any 
of  the  peculiar  taste  of  milk  can  be  distinguished  in  it.' 

Contains      If  it  be  now  slowly  evaporated,  it  deposites.at  last  a! 

sugar  of  7  •  - '  , .     ■  ■■  . 

milk,  number  of  white-coloured  crystals,  which  are  sugar  of 

milk.  Towards  the  end  of  the  evaporation,  some  cry- 
stals of  muriat  of  potass  and  of  muriat  of  soda  make 
Salts,  their  appearance  §.  According  to  Scheele,  it  contains 
also  a  little  phosphat  of  limejl,  which  indeed  maybe 
precipitated  by  ammonia. 
And  gela-  After  the  salts  have  been  obtained  from  whey,  what 
remains  concretes  into  a  jelly  on  cooling  ^f.  Hence  it 
follows  that  whey  also  contains  gelatine.    Whey,  then, 


*  Parmentier,  "Jour,  dc  Pbys.  xxxviii.  416. 
f  Ibid.  \  Scheele,  ii.  54. 
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is  composed  of  water,  sugar  of  milk,  gelatine,  muriat    Chap.  II. 
of  potass,  andphosphat  of  lime.  The  other  salts,  which  '  v 
.  are  sometimes  found  in  it,  are  only  accidentally  pre-  * 
sent. 

If  whey  be  allowed  to  remain  for  some  time,  it  be-  Becomes 
icomes  sour,  owing  to  the  formation  of  a  peculiar  acid  acId- 
(known  by  the  name  of  lactic  ucid.  It  is  to  this  proper- 
ty of  whey  that  we  are  to  ascribe  the  acidity  which 
imilk  contracts  ;  for  neither  curd  nor  cream,  perfectly 
ffreed  from  serum,  seem  susceptible  of  acquiring  acid 
;properties.  Hence  the  reason  also  that  milk,  after  it 
'becomes  sour,  always  coagulates.  Boiled  milk  has  the 
iproperty  of  continuing  longer  sweet ;  but  it  is  singular 
1  enough  that  it  runs  sooner  to  putrefaction  than  ordi- 
I  nary  milk  *. 

The  acid  of  milk  differs  considerably  from  the  ace-  Maybe 
:tous  ;  yet  vinegar  may  be  obtained  from  milk  by  a  very  [n^vine- 
1  simple  process.    If  to  somewhat  more  than  8  lbs.  troy  2an 
(of  milk  six  spoonfuls  of  alcohol  be  added,  and  the  mix- 
Hire  well  corked  be  exposed  to  a  heat  sufficient  to  sup- 
jport  fermentation  (provided  attention  be  paid  to  allow 
:the  carbonic  acid  gas  to  escape  from  time  to  time),  the 
•  whey,  in  about  a  month,  will  be  found  converted  into 
winegarf . 

Milk  is  almost  the  only  animal  substance  which  may  Milk  ca- 

Ibe  made  to  undergo  the  vinous  fermentation,  and  to  af-  Pable<?f  the 
17  0  *  vinous  fer- 

iford  a  liquor  resembling  wine  or  beer,  from  which  al-  mentation. 

ccohol  may  be  separated  by  distillation.    This  singular 

tfact  seems  to  have  been  first  discovered  by  the  Tartars ; 

tthey  obtain  all  their  spirituous  liquors  from  mares  milk. 

lit  has  been  ascertained,  that  milk  is  incapable  of  being 


*  Parmentier,  Jour,  de  Pbys.  xxxviii.  343. 
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.  Bo"k  v'  f  converted  into  wine  till  it  has  become  sour  ;  after  this 
nothing  is  necessary  but  to  place  it  in  the  proper  tem- 
perature ;  the  fermentation  begins  of  its  own  accord, 
and  continues  till  the  formation  of  wine  be  completed**  \ 
Scheele  had  observed,  that  milk  was  capable  of  fer- 
menting, and  that  a  great  quantity  of  carbonic  acid  gas 
was  extricated  from  it  during  this  fermentation f.  But 
he  did  not  suspect,  that  the  result  of  this  fermentation  » 
was  the  formation  of  an  intoxicating  liquor  similar  to 
wine. 

Distillation  When  milk  is  distilled  by  the  heat  of  a  water-bath, 
there  comes  over  water,  having  the  peculiar  odour  of  . 
milk  ;  which  putrefies,  and  consequently  contains,  beUJ 
sides  mere  water,  some  of  the  other  constituent  parts  of  1 
milk.  After  some  time  the  milk  coagulates  J,  as  all 
ways  happens  when  hot  albumen  acquires  a  certain  del 
gree  of  concentration.  There  remains  behind  a  thick 
\  unctuous  yellowish-white  substance,  to  which  Hoffman 

gave  the  name  of franchipann.  This  substance,  when 
the  fire  is  increased,  yields  at  first  a  transparent  liquid, 
which  becomes  gradually  more  coloured ;  some  very 
fluid  oil  comes  over,  then  ammonia,  an  acid,  and  at  last 
a  very  thick  black  oil.  Towards  the  end  of  the  pro- 
cess carbonated  hydrogen  gas  is  disengaged  §.  There! 
remains  in  the  retort  a  coal  which  contains  carbonat  of  J 
potass,  muriat  of  potass,  and  phosphat  of  lime,  and 
sometimes  magnesia,  iron,  and  muriat  of  soda||. 

Its  compo-       Thus  we  see  that  cow's  milk  is  composed  of  the  fol- 

sition.         lowing  ingredients: 


*  Parmentier,  Jour,  de  Fbys.  xxxviii  365. 
\  Scheele,  ii.  66.  %  Bouquet. 

§  Parmentier,  Jour,  de  Pl>ys.  xxxviii.  368- 
||  Mem.  Med.  Par.  1 787,  p.607. 
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1.  Water,  6.  Muriat  of  soda, 

2.  Oil,  7.  Muriat  of  potass, 

3.  Albumen,  8.  Sulphur 

4.  Gelatine,  9.  Phosphat  of  lime. 

5.  Sugar  of  milk, 

The  milk  of  all  other  animals,  as  far  as  it  has  hither- 
;to  been  examined,  consists  nearly  of  the  same  ingre- 
idients  ;  but  there  is  a  very  great  difference  in  their  pro- 
portion. 

Woman's  milk  has  a  much  sweeter  taste  than  cow's  Woman's 
rmilk.  When  allowed  to  remain  at  rest  for  a  sufficient 
[time,  a  cream  gathers  on  its  surface.  This  cream  is 
irnore  abundant  than  in  cow's  milk,  and  its  colour  is 
msually  much  whiter.  After  it  is  separated,  the  milk  is 
^exceedingly  thin,  and  has  the  appearance  rather  of  whey, 
iwith  a  bluish  white  colour,  than  of  creamed  milk'. 
iNone  of  the  methods  by  which  cow's  milk  is  coagu- 
lated succeed  in  producing  the  coagulation  of  woman's 
nmilk  #.  It  is  certain,  however,  that  it  contains  curd  ; 
fibr  if  it  be  boiled,  pellicles  form  on  its  surface,  which 
bave  all  the  properties  of  curd  f .  Its  not  coagulating, 
herefore,  must  be  attributed  to  the  great  quantity  of 
<vater  with  which  the  curd  is  diluted. 

Though  the  cream  be  churned  ever  so  long,  no  but- 
ter can  be  obtained  from  it;  .but  if,  after  being  agita- 
ed  for  some  hours,  it  be  allowed  to  remain  at  rest  for 
1  day  or  two,  it  separates  into  two  parts;  a  fluid  which 
•occupies  the  inferior  part  of  the  vessel,  pellucid  and 
olourless  like  water,  and  a  thick  white  unctuous  fluid, 
which  swims  on  the  surface.  The  lowermost  fluid  con- 
ains  sugar  of  milk  and  .some  curd  ;  the  uppermost 


1  Clarke,  Jrhb  Trans,  ii.  175.     t  Parmentier,  Jour,  tie  Plys.  xxxviii.  419, 
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t  Bo°k  v-  does  not  differ  from  cream  except  in  consistence.  The 
oily  part  of  the  cream,  then,  cannot  be  separated  by 
agitation  from  the  curd*.  This  cream  contains  a  great- 
er portion  of  curd  than  the  cream  of  cow's  milkf. 

When  this  milk,  after  the  curd  is  separated  from  it, 
is  slowly  evaporated,  it  yields  crystals  of  sugar  of  milk 
and  of  murjat  of  soda.  The  quantity  of  sugar  is  rather 
greater  than  in  cow's  milk.  According  to  Haller,  the 
sugar  obtained  from  cow's  milk  is  to  that  obtained  from 
an  equal  quantity  of  woman's  milk  as  35  :  58,  and  some- 
times as  37  :  67,  and  in  all  the  intermediate  ratios. 

ritieseCUlia"  Thus  it  appears  [that  woman's  milk  differs  from  that 
of  cow's  in  three  particulars  : 

1.  It  contains  a  much  smaller  quantity  of  curd. 

2.  Its  oil  is  so  intimately  combined  with  its  curd,  that 
it  does  not  yield  butter. 

3.  It  contains  rather  more  sugar  of  milk. 

Parmentier  and  Deyeux  ascertained,  that  the  quan- 
tity of  curd  in  woman's  milk  increases  in  proportion  to 
the  time  after  delivery  :{:.  Nearly  the  same  thing  has 
been  observed  with  respect  to  cow's  milk. 

Ass's  milk.  Ass's  milk  has  a  very  strong  resemblance  to  human 
milk :  it  has  nearly  the  same  colour,  smell,  and  con» 
sistence.  When  left  at  rest  for  a  sufficient  time,  a  cream 
forms  upon  its  surface,  but  by  no  means  in  such  abun- 
dance  as  in  woman's  milk.  This  cream,  by  very  long 
agitation,  yields  a  butter,  which  is  always  soft,  white, 
and  tasteless  ;  and,  what  is  singular,  very  readily  mixes 
acain  with  the  butter-milk  ;  but  it  may  be  again  scpa^ 
rated  by  agitation,  while  the  vessel,  which  contains  it» 
is  plunged  in  cold  water.    Creamed  ass's  milk  is  thin, 


*  Parmentier,  Jour,  de  Pbyt.  xxxviii.  419.        f  t  H>i&  4** 


MILK.  4°7 

|>and  has  an  agreeable  sweetish  taste.    Alcohol  and  acids    ChaP- JI- 1 
[^separate  from  it  a  little  curd,  which  has  but  a  small  de- 
Lgree  of  consistence.    The  serum  yields  sugar  of  milk 
|.and  muriat  of  lime*. 

Ass's  milk  therefore  differs  from  cow's  milk  in  three  Its  peculia- 

,  rities. 
[particulars : 

L  ,  I.  Its  cream  is  less  abundant  and  more  insipid. 

2.  It  contains  less  curd. 

3.  It  contains  more  sugar  of  milk :  the  proportion  is 
335  :  80. 

Goat's  milk,  if  we  except  its  consistence,  which  is  Goat'smilk. 
.'greater,  does  not  differ  much  from  cow's  milk.  Like 
rthat  milk,  it  throws  up  abundance,  of  cream,  from  which 
t butter  is  easily  obtained.  The  creamed  milk  coagu- 
ilates  just  as  cow's  milk,  and  yields  a  greater  quantity 
iofcurd.  Its  whey  contains  sugar  of  milk,  muriat  of 
ilime,  and  muriat  of  soda  f. 

Ewe's  milk  resembles  almost  precisely  that  of  the  Ewe's  milk, 
icow.  Its  cream  is  rather  more  abundant,  and  yields  a 
butter  which  never  acquires  the  consistence  of  butter 
from  cow's  milk.  Its  curd  has  a  fat  and  viscid  appear- 
.  ance,  and  is  not  without  difficulty  made  to  assume  the 
consistence  of  the  curd  of  cow's  milk.  It  makes  excel- 
lent cheese  J. 

Mare's  milk  is  thinner  than  that  of  the  cow,  but  Mare's 

milk. 

scarcely  30  thin  as  human  milk.  Its  cream  cannot  be 
converted  into  butter  by  agitation.  The  creamed  milk 
coagulates  precisely  as  cow's  milk,  but  the  curd  is  not 
so  abundant.  The  serum  contains  sugar  of  milk,  sul- 
phat  of  lime,  and  muriat  of  lime  §. 


*  Parmentier,  Jour,  dc  Phys.  xxxviii.  423. 
J  Ibid.  428. 
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OF  SALIVA. 


T  HE  fluid  secreted  in  the  mouth,  which  flows  in  con- 
siderable quantity  during  a  repast,  is  known  by  the 
name  of  saliva.  All  the  properties  of  this  liquor  which 
had  been  observed  by  philosophers  before  the  middle 
of  the  1 8th  century  have  been  collected  by  Haller*: 
But  since  that  time  several  additional  facts  have  been 
related  by  Fourcroy,  Du  Tennetar,  and  Brugnatelli  ; 
and  a  very  numerous  set  of  experiments  have  been  pub- 
lished by  Mr  Siebold  in  1797,  in  his  Treatise  on  the 
Salivary  System. 
Properties.  Saliva  is  a  limpid  fluid-like  water  ;  but  much  more 
viscid  :  it  has  neither  smell  nor  taste.  Its  specific  gra- 
vity, according  to  Bamberger,  is  1.0167-f-;  according 
to  Siebold,  1.080.  When  agitated,  it  frothes  like  all 
other  adhesive  liquids  ;  indeed  it  is  usually  mixed  with 
air,  and  has  the  appearance  of  froth. 

It  neither  mixes  readily  with  water  nor  oil  i  ;  but 
by  trituration  in  a  mortar  it  may  be  so  mixed  with  wa-  \ 
Absorbs      ter  as  to  Pass  through  a  filter  §.    It  has  a  great  affinity  \ 
oxygen.       for  oxygen,  absorbs  it  readily  from  the  air,  and  gives  it 
out  again  to  other  bodies  ||.    .Hence  the  reason  why 
fold  or  silver,  triturated  with  saliva  in  a  mortar,  is  j 


*  Haller's  Physiol,  vol  vi.  f  Ibid.  p.ja. 

%  Narcsssus,  Ibid.  p.  54.  5  Fordice  on  D/gr/f.  p.  51. 

|]  Fourcroy,  Ann.  de  Chim.  xrviii.  26a. 
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oxidated,  as  Du  Tennetar  has  observed;  and  why  the  Chap. IF. 
Ikilling  of  mercury  by  oils  is  much  facilitated  by  spit- 
iting  into  the  mixture*.  Hence  also,  in  all  probability, 
:the  reason  that  saliva  is  a  useful  application  to  sores  of 
tthe  skin.  Dogs,  and  several  other  animals,  have  con- 
stantly recourse  to  this  remedy,  and  with  much  advan- 
ttapje. 

When  boiled  in  water,  a  few  flakes  of  albumen  pre-  Action  of 
icipitate.  When  evaporated,  it  swells  exceedingly,  and 
leaves  behind  it  a  thin  brown- coloured  crust:  But  if 
the  evaporation  be  conducted  slowly,  small  cubic  cry- 
stals of  muriat  of  soda  are  formed  ;  and  when  the  eva- 
poration is  completed,  there  remains  behind  a  substance 
which  resembles  vegetable  gluten,  and  which  takes  fire 
on  burning  coals,  exhaling  the  odour  of  prussic  acid  and 
of  burning  feathers.  The  viscidity  of  saliva,  the  pro- 
perty which  it  has  of  absorbing  oxygen,  and  of  being 
inspissated,  and  this  glutinous  residuum,  announce  the 
presence  of  animal  mucilage  as  a  component  part. 

When  saliva  is  distilled  in  a  retort,  it  frothes  very 
much  :  100  parts  yield  80  parts  of  water  nearly  pure, 
then  a  little  carbonat  of  ammonia,  some  oil,  and  an  acid, 
which  perhaps  is  the  prussic.  The  residuum  amounts 
to  about  1.56  parts,  and  is  composed  of  muriat  of  soda, 
phosphat  of  soda,  and  phosphat  of  lime  f. 

When  saliva  is  left  exposed  to  the  air,  it  absorbs  a  Action  of 
considerable  portion  of  it,  a  slight  pellicle  "appears  on  ai ' 
its  surface,  it  becomes  muddy,  and  deposites  some  flakes, 


*  Fourcroy,  Ann.  de  Chim.  xxviii.  26a. 

f  Vorbeyen,  Textor,  Nuck,  &c.  as  quoted  byHaller,  Thyskl.yX.^^ 
Fourcroy,  ix.  365. 
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Its  compo- 
sition. 


Salivary- 
em]  cretions 
and  tartar. 


Pancreatic 
juice. 


exhaling  at  the  same  time  a  strong  ammoniacal  odour. 
Soon  after  it  putrefies,  and  becomes  exceedingly  fetid. 

The  acids  and  alcohol  inspissate  saliva  ;  the  alkalies 
disengage  ammonia  ;  oxalic  acid  precipitates  lime  ;  and 
the  nitrats  of  lead,  mercury,  and  silver,  precipit  ate  phos- 
phoric and  muriatic  acids. 

From  these  facts,  it  follows  that  saliva,  besides  water, 
which  constitutes  at  least  four-fifths  of  its  bulk,  con- 
tains the  following  ingredients  : 

1.  Mucilage,  4.  Phosphat  of  soda, 

2.  Albumen,  5.  Phosphat  of  lime, 

3.  Muriat  of  soda,  6.  Phosphat  of  ammonia. 
But  it  cannot  be  doubted  that,  like  all  the  other  animal 
fluids,  it  is  liable  to  many  changes  from  disease,  &c. 
Brugnatelli  found  the  saliva  of  a  patient  labouring  un- 
der an  obstinate  venereal  disease  impregnated  with  oxa- 
lic acid. 

The  concretions  which  sometimes  form  in  the  sali- 
vary ducts,  &c.  and  the  tartar  or  bony  crust  which  so 
often  attaches  itself  to  the  teeth,  are  composed  of  phos- 
phat of  lime*. 

The  pancreatic  juice  has  never  been  examined 
with  much  attention  $  but  it  does  not  appear,  from  the 
experiments  that  have  been  made,  to  differ  much  from 
saliva. 


*  Fourcroy,  ir.  367. 
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LLsiLE  is  a  liquid  of  a  yellowish  green  colour,  an  unc- 
tuous feel,  bitter  taste,  and  peculiar  smell,  which  is  se- 
creted by  the  liver  ;  and  in  most  animals  considerable 
quantities  of  it  are  usually  found  collected  in  the  gall 
bladder. 

Great  attention  has  been  paid  to  this  liquid  by  phy-  History, 
sicians;  because  the  ancients  were  accustomed  to  ascribe 
a  very  great  number  of  diseases,  and  even  affections  of 
the  mind,  to  its  agency.  The  most  accurate  chemical 
analyses  of  it  which  have  hitherto  appeared  are  those 
of  Mr  Cadet,  which  were  published  in  the  Memoirs  of 
the  French  Academy  of  Sciences  for  the  year  1767,  and 
of  Van  Bochaute,  published  in  1778.  Several  import- 
ant observations  had  been  previously  made  on  it  by 
Boyle,  Boerhaave,  Verheyn,  Ramsay,  and  Baglivii  and 
some  facts  have  since  been  added  to  our  chemical  know- 
ledge of  bile  by  Maclurg  and  Fourcroy.  The  experi- 
ments have  chiefly  been  confined  to  the  bile  of  oxen, 
known  in  this  country  by  the  name  of  gall ;  because  it 
is  most  easily  procured  in  large  quantities.  • 

The  specific  gravity  of  bile  seems  to  vary,  like  that  properties, 
of  all  other  animal  fluids.    According  to  Hartmann,  it 
is  1.027  *•    When  strongly  agitated,  it  lathers  like 
soap  ;  and  for  this  reason,  as  well  as  from  a  medical 


#  Haller's  Fbys.  vi.  546. 
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Contains 
albumen, 


A  resin, 


theory  concerning  its  use,  it  has  been  often  called  an 
animal  soap. 

It  mixes  readily  with  water  in  any  proportion,  and 
assumes  a  yellow  colour  ;  but  it  refuses  to  unite  with 
oil;  when  the  two  fluids  are  agitated  together,  the  in* a 
stant  that  they  are  left  at  rest  the  oil  separates  and 
swims  on  the  surface  *.  Bile,  however,  dissolves  a  por-  } 
tion  of  soap  readily,  and  is  often  employed  to  free  cloth 
from  greasy  spots. 

When  muriatic  acid  is  poured  upon  bile,  let  it  be 
ever  so  fresh,  an  odour  of  sulphurated  hydrogen  gas  is 
constantly  exhaled  f.    When  on  100  parts  of  ox-bile 
four  parts  of  strong  muriatic  acid  are  poured,  the  whole 
instantly  coagulates ;  but  in  some  hours  the  greater  part '  1 
becomes  again  fluid:  and  when  passed  through  the  filter  1 
it  leaves  0.26  of  a  white  matter,  which  has  all  the  pro-  J 
perties  of  albumen  J.    This  matter  was  detected  by 
Ramsay,  who  found  that  it  could  be  precipitated  from  | 
bile  by  alcohol,  acetous  acid,  sulphat  of  potass,  and  mu-  ' 
riat  of  soda §.    Cadet  ascertained,  that  100  parts  of  ox-  J 
bile  contain  about  0.52  of  albumen.    It  is  precipitated:* 
in  a  state  of  purity  by  oxy-muriatic  acid,  provided  that^ 
acid  be  not  employed  in  excess  ||. 

The  muriatic  acid  solution,  after  the  separation  of  j 
the  albumen,  has  a  fine  grass-green  colour.  When  con-  ' 
centrated  by  some  hours  evaporation  in  a  glass  cucur- 
bit on  hot  coals,  it  deposites  a  very  copious  precipi-  1 
tate,  and  loses  almost  the  whole  of  its  green  colour.  By  1 


*  Ramsay,  Thes^ur.  Med.  Edin.  ii.  459. — Maclurg,  p.  10. 

\  Cadet,  Mem.  Pur.  1767,  p.  340. 

\  Ibid.  §  Tbesaur.  Edin.  ii.  460. 

|]  Fourcroy,  Ann.de  Cbim.  v;i.  176. 
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monger  evaporation,  a  new  precipitate,  similar  to  the    Chap.  II. 
Airst,  appears,  and  the  remaining  liquid  assumes  the 
I  olour  of  beer.    This  pECcipitate  possesses  all  the  pro- 
per ties  of  the  resin  of  bile.  In  its  moist  state  it  amounts 
,0  10.8  parts*.    The  same  substances  may  be  obtain- 
ed from  bile  by  nitric  acid  ;  but  the  resin  in  that  case 
uas  a  yellow  colour,  and  its  properties  are  somewhat 
iltcredf.  * 

If  100  parts  of  bile  be  gently  evaporated  to  dryness  s0(j3j 
>>y  a  very  moderate  heat,  the  dry  mass  only  weighs  10 
ijarts,  and  has  a  brownish  black  colour.  When  exposed 
o  a  strong  heat  in  a  crucible,  this  matter  swells  up, 
:iakes  fire,  and  emits  very  thick  fumes.  The  residuum 
.mounts  to  1.09.  By  lixiviation  with  water,  1.87  of 
crystallized  soda  may  be  obtained  J  ;  consequently  100 
oarts  of  bile  contain,  according  to  Mr  Kirwan's  table, 

403546  of  pure  soda.    But  it  is  evident  that,  by  this 
method,  part  of  the  soda  must  have  been  evaporated ; 
therefore  100  parts  of  bile  contain  more  than  0.403546 
>jf  soda.    Besides  the  soda,  there  is  found  also  a  small  An(j 
portion  of  muriat  of  soda§  and  phosphat  of  soda  |[. 

Cadet  found  the  residuum,  after  the  separation  of  the 
i.;alts,  of  a  black  colour ;  it  gave  some  traces  of  iron. 
He  also  obtained  a  calcareous  salt  from  bile,  which  he 
considered  as  a  sulphat ;  but  it  has  been  ascertained 
;  since  to  be  phosphat  of  lime. 

Cadet  also  obtained  from  bile,  by  evaporating  the 
muriatic  acid  solution  after  the  separation,  of  the  resin, 
a  salt  which  crystallized  in  trapeziums ;  it  had  a  sweet- 


*  Cadet,  M<-m.  Far.  1767.  p.  340. 
t  Ibid  p.  350.  §  Ibid. 


f  Ibid.  p.  343. 
||  Fourcroy,  x.  41. 
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Book  V.    Jsh  taste,  and  was  considered  by  him  as  analogous  to 
sugar  of  milk  *. 

Composi-        Thus  we  see  that  bile  contains  the  following  ingre- 
dients ; 

1.  Water,  6.  A  sweetish  salt, 

2.  Resin,  hj.  Muriat  of  soda, 

3.  Albumen,  8.  Phosphat  of  lime, 

4.  Soda,  9.  Phosphat  of  soda, 

5.  Sulphurated  hydrogen,      10.  Iron. 

The  proportion  of  these  ingredients  has  by  no  means 
been  ascertained.  The  presence  of  iron  has  been  de- 
nied in  bile,  because  it  gives  no  blue  precipitate  with 
prussic  alkali,  and  because  tincture  of  nutgalls  does  not 
give  it  a  black  colour  \,  But  these  reasons  are  insuffi- 
cient to  overturn  the  experiment  of  Cadet,  who  actually 
found  it  in  bile. 

When  four  parts  of  vinegar  and  five  of  bile  are  mix- 
ed together,  the  mixture  has  a  sweet  taste,  and  does  not 
coagulate  milk.  The  lactic  acid  has  precisely  the  same 
effect  as  vinegar}. 
Distillati  n  When  bile  is  distilled  in  a  water-bath,  it  affords  a 
of  bile.  transparent  watery  liquor,  which  contracts  a  pretty 
strong  odour,  not  unlike  that  of  musk  or  amber,  espe- 
cially if  the  bile  has  been  kept  for  some  days  before  it 
is  submitted  to  distillation  §.  The  residuum  is  of  a 
deep  brownish  green  ;  it  attracts  moisture  from  the  air, 
and  dissolves  readily  in  water.  When  distilled  in  a  re- 
tort, it  affords  a  watery  liquor  of  a  yellowish  colour,  a 
fetid  odour,  and  impregnated  with  carbonat  and  zoonat 
of  ammonia.  To  this  liquid  an  oil  succeeds,  at  first  light 


*  Cadet,  Mem.  Par.  1767,  p.  342.  f  Maclurg,  p.  56. 

\  Ramsay,  Tbesaur.  Med.  Edin.  ii.  462.       §  Fourcroy,  x.  11. 
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md  liquid,  then  thick  and  empyreumatic,  and  insup-    Chap.  O.^ 
aortably  fetid.    Some  carbonat  of  ammonia  attaches  it- 
elf  to  the  sides  of  the  receiver  ;  and  carbonated  hydro- 
gen gas,  carbonic  acid  gas,  mixed  with  sulphurated  hy- 
Irogen  gas,  are  exhaled  in  abundance.    The  coal  which 
emains  is  black,  bulky,  and  spongy,  and  easily  incine- 
ated*.    Bile,  exposed  to  a  temperature  between  650 
nd  8 50,  soon  loses  its  colour  and  viscidity,  acquires  a 
auseous  smell,  and  deposites  whitish  mucilaginous 
akes.    After  the  putrefaction  has  made  considerable 
fprogress,  its  smell  becomes  sweet,  and  resembles  am- 
Fber.    If  bile  be  heated,  and  slightly  concentrated  by 
cevaporation,  it  may  be  kept  for  many  months  without 
alteration  f . 


SECT.  XL 

1 

OF  BILIARY  CALCULI. 

ARD  bodies  sometimes  form  in  the  gall-bladder,  or  History, 
in  the  duct  through  which  the  bile  passes  into  the  in- 
testinal canal,  and  stop  up  the  passage  altogether.  These 
concretions  have  got  the  name  of  biliary  calculi  or  gall- 
stones. As  they  are  formed  in  the  midst  -of  bile,  and 
as.  the  substances  of  which  they  are  composed  must  be 
derived  from  the  bile,  it  is  proper  to  give  an  account  of 
them  here,  because  their  properties  cannot  fail  to  throw 
some  additional  light  on  the  nature  of  bile  itself. 

These  concretions  naturally  drew  the  attention  of 


*  Fourcroy,  x.  22. 


f  Vauquclin. 
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Divisible 
into  four 
classes. 


r.  Resem- 
bles sper- 
maceti. 


physicians,  because  they  soon  ascertained  that  they  ocv 
casioned  the  disease  called  jaundice.  Accordingly  they 
were  examined  and  described  by  different  chemists  ;  and 
the  facts  ascertained  before  1764  were  collected  by 
Haller  in  the  sixth  volume  of  his  Physiology.  Since 
that  period,  a  Treatise  has  been  published  on  them  by 
Vicq  d'Azyr,  and  several  new  facts  have  been  discover- 
ed by  Poulletier  de  la  Sale,  Fourcroy,  Gren,  and  Saun-; 
ders. 

Such  of  the  biliary  calculi  as  have  been  hitherto  ex- 
amined with  attention,  may  be  arranged  under  four 
classes. 

1 .  The  first  kind  comprehends  those  which  have  a- 
white  colour,  and  a  crystallized,  shining,  lamellated 
structure. 

2.  The  second  is  brown  coloured,  and  has  the  appear- 
ance of  inspissated  bile. 

3.  The  third  class  comprehends  those  calculi  which 
are  composed  of  a  mixture  of  the  substances  which  con- 
stitute the  two  last. 

4.  The  fourth  comprehends  those  gall  stones  which, 
do  not  flame,  but  gradually  waste  away  at  a  red  heat. 

Let  us  take  a  view  of  each  of  these  classes  of  biliary' 
calculi. 

I.  The  first  species  of  biliary  calculi  was  pointed  out 
for  the  first  time  by  Haller  in  a  Dissertation  published 
in  1 749.  Walther  afterwards  added  several  new  facts ; 
and  at  last  it  was  accurately  described  by  Vicq  d'A- 
zyr. Tt  is  almost  always  of  an  oval  shape,  sometimes 
as  large  as  a  pigeon's  egg,  but  commonly  about  the 
size  of  a  sparrow's  ;  and  for  the  most  part  only  one 
calculus  (when  of  this  species)  is  found  in .  the  gall- 
bladder at  a  time.    It  has  a  white  colour  ;  and  when 
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.token,  presents  crystalline  plates  or  striae,  brilliant  and     Chap  II, 

-hite  like  mica,  and  having  a  soft  greasy  feel.  Some- 
k  mes  its  colour  is  yellow  or  greenish  ;  and  it  has  con- 

antly  a  nucleus  of  inspissated  bile  *. 
Its  specific  gravity  is  inferior  to  that  of  water  :  Gren 

ound  the  specific  gravity  of  one  0.803 f. 
When  exposed  to  a  heat  considerably  greater  than 

iat  of  boiling  water,  this  crystallized  calculus  softens 

ad  melts,  and  crystallizes  again  when  the  temperature 
L  lowered  J.  It  is  altogether  insoluble  in  water;  but 
<ot  alcohol  dissolves  it  with  facility.  Alcohol,  of  the 
.imperature  of  167  °,  dissolves  ~  of  its  weight  of  this 

ubstance  ;  but  alcohol,  at  the  temperature  of  6o°, 
Scarcely  dissolves  any  of  it}.  As  the  alcohol  cools, 
pae  matter  is  deposited  in  brilliant  plates  resembling 
ale  or  boracic  acidjj.    It  is  soluble  in  oil  of  turpen- 

ine^T.  When  melted,  it  has  the  appearance  of  oil, 
l;nd  exhales  the  odour  of  melted  wax  :  when  suddenly 
...eated,  it  evaporates  altogether  in  a  thick  smoke.  It 
K  soluble  in  pure  alkalies,  and  the  solution  has  all  the 
properties  of  a  soap.  Nitric  acid  also  dissolves  it ;  but 
tc  is  precipitated  unaltered  by  water**. 

This  matter,  which  is  evidently  the  same  with  the 

rystals  which  Cadet  obtained  from  bile,  and  which  he 
I  onsidered  as  analogous  to  sugar  of  milkj  has  a  strong 

esemblance  to  spermaceti.    Like  that  substance,  it  is 

■f  an  oily  nature,  and  inflammable  ;  but  it  differs  from 
It  in  a  variety  of  particulars. 

Since  it  is  contained  in  bile,  it  is  not  difficult  to  see 


*  Fourcroy,  Ann.  de  Chim.  iii.  249.  f  Ann.  de  Cbim.v.  i%6. 

\  Fourcroy,  Ibid.  ii.  123.         §  Ibid.  p.  180.  ||  Ibid.  iii.  256 

]  Gren,  Ibid.  v.  187.  **  Fourcroy,  Ibid.  iii.  247, 
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,  Bo°kv|    now  it  may  crystallize  in  the  gall-bladder  if  it  happen! 

to  be  more  abundant  than  usual  ;  and  the  consequence 

must  be  a  gall-stone  of  this  species.    Fourcroy-found  a 

quantity  of  the  same  substance  in  the  dried  human  liver*. 

ad  Species        2.  The  second  species  of  biliary  calculus  is  of  a  round 

bile.1SSatC(*    or  polygonal  shape,  often  of  a  grey  colour  externally,  and 

brown  within.    It  is  formed  of  concentric  layers  of  a' 

matter  which  seems  to  be  inspissated  bile  ;  and  there  is 

usually  a  nucleus  of  the  white  crystalline  matter  at  the 

centre.    For  the  most  part  there  are  many  of  this  spe- 

cies  of  calculus  in  the  gall-bladder  together  :  indeed  it 

is  frequently  filled  with  them.    The  calculi  bdongin*; 

to  this  species  are  often  light  and  friable,  and  of.« 

brownish-red  colour.    The  gall-stones  of  oxen  used  bj 

painters  belong  to  this  species. 

3d  Species  a  The  third  species  of  calculi  are  most  numerous  of 

mixture  of         u  \  A 

the  two  all.  Their  colour  is  often  deep  brown  or  green  ;  and 
when  broken,  a  number  of  spermaceti  crystals  are  ob- 
servable mixed  with  the  inspissated  bilef . 

The  calculi  belonging  to  these  three  species  are  so- 
luble in  alkalies,  in  soap  leys,  in  alcohol,  and  in  oils. 
4th  Species       4.  Concerning  the  fourth  species  of  gall-stone,  very 
akohol.em  little  is  known  with  accuracy.    Dr  Saunders  tells  us,' 
that  he  has  met  with  some  gall-stones  insoluble  botli  ia 
alcohol  and  oil  of  turpentine  ;  some  which  do  not  flamqB 
but  become  red,  and  consume  to  an  ash  like  a  char- 
coal^:.   Haller  quotes  several  examples  of  similar  cal-jfl 
.  culi§. 

Gall-stones  often  occur  in  the  inferior  animals,  par->>; 
ticularly  in  cows  and  hogs  ;  but  the  biliary  concretions 


*  Fourcroy,  Ann.  de  Ch;m.  iii.  126.  t  Fourcroy,  x.  59. 

}  On  the  Liver,  p.  II»  J  Pbysiol.  vi.567. 
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'.these  animals  have  not  hitherto  been  examined  with    Chap.  II. 
ich  attention. 


SECT.  XII. 

OF  THE  CERUMEN  OF  THE  EAR. 

S2RUMEN  is  a  viscid  yellow-coloured  liquid'secreted 
tthe  glands  of  the  auditory  canal,  which  gradually  be- 
rries concrete  by  exposure  to  the  air.  For  all  the 
::s  respecting  its  composition  at  present  known,  we 
indebted  to  Fourcroy  and  Vauquelin,  especially  the 

who  analysed  a  considerable  portion  of  it. 
it  has  an  orange-yellow  colour  and  a  bitter  taste.  Properties, 
uen  slightly  heated  upon  paper,  it  melts,  and  stains 
; paper  like  an  oil ;  at  the  same  time  it  emits  a  slight- 
iromatic  odour.    On  burning  coals  it  softens,  emits 
bhite  smoke,  which  resembles  that  given  out  by  burn- 
fat  ;  it  afterwards  melts,  swells,  becomes  dark-co- 
rced,  and  emits  an  ammoniacal  and  empyreumatic 
uur.    A  light  coal  remains  behind. 
When  agitated  in  water,  cerumen  forms  a  kind  of 
ulsion,  which  soon  putrefies,  depositing  at  the  same 
;*  white  flakes. 

.klcohol,  when  assisted  by  heat,  dissolves  4  of  the  ce-  Contains 
uen  ;  the  ^  which  remain  behind  have  the  proper-  albumen> 

of  albumen,  mixed  however  with  a  little  oily  mat- 
When  the  alcohol  is  evaporated,  it  leaves  a  deep  And  a  resin, 
nge  residuum  of  a  very  bitter  taste,  having  a  smell 

a  consistence  analagous  to  turpentine.  It  melts 
:n  heated,  evaporates  in  a  white  smoke  without  lea- 
;j  any  residuum,  and  in  short  resembles  very  strong- 
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ly  the  resin  of  bile.  Ether  also  dissolves  this  oily  body  \ 
but  it  is  much  less  bitter  and  much  lighter  coloured. 
When  the  albuminous  part  of  cerumen  is  burnt,  it 
leaves  traces  of  soda  and  of  phosphat  of  lime.  From 
these  facts  Vauquelin  considers  cerumen  as  composed 
of  the  following  substances  : 

1.  Albumen,  4.  Soda, 

2.  An  inspissated  oil,  5.  Phosphat  of  lime. 

3.  A  colouring  matter, 

The  presence  of  (.he  colouring  matter  is  inferred  from 
the  portion  taken  up  by  ether  being  less  coloured  thaa 
that  taken  up  by  alcohol  * . 


Properties. 


SECT.  XIII. 


OF  TEARS  AND  MUCUS. 


t.  That  peculiar  fluid  which  is  employed  in  lubrica- 
ting the  eye,  and  which  is  emitted  in  considerable  quan- 
tities when  we  express  grief  by  weeping,  is  known  by 
the  name  of  tears  For  an  accurate  analysis  of  this  fluid, 
we  are  indebted  to  Messrs  Fourcroy  and  Vauquelin. 
Before  their  dissertation,  which  was  published  in  \  791, 
appeared,  scarcely  any  thing  was  known  about  the  na- 
ture of  tears. 

The  liquid  called  tears  is  transparent  and  colourless 
like  water  ;  it  has  scarcely  any  smell,  but  its  taste  is  al- 
ways perceptibly  salt.  Its  specific  gravity  is  somewhat 
greater  than  that  of  distilled  water.  It  gives  to  paper, 
stained  with  the  juice  of  the  petals  of  mallows  or  violet, 
a  permanently  green  colour,  and  therefore  contains  a 


#  Fourcroy,  ix.  373. 
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t\\xed  alkali  *.    It  unites  with  water,  whether  cold  or  Chap.iL 

ot,  in  all  proportions.    Alkalies  unite  with  it  readily, 
kid  render  it  more  fluid.    The  mineral  acids  produce 
apo  apparent  change  upon  it  f .    Exposed  to  the  air, 
tl.iiis  liquid  gradually  evaporates,  and  becomes  thicker. 
(When  nearly  reduced  to  a  state  of  dryness,  a  number 

:f  cubic  crystals  form  in  the  midst  of  a  kind  of  muci- 
kige.  These  crystals  possess  the  properties  of  muriat  of 
hda ;  but  they  tinge  vegetable  blues  green,  and  there- 
fore contain  an  excess  of  soda.  The  mucilaginous  mat- 
pr  acquires  a  yellowish  colour  as  it  dries  J- 

This  liquid  boils  like  water,  excepting  that  a  consi- 
1  erable  froth  collects  on  its  surface.  If  it  be  kept  a 
pfficient  time  at  the  boiling  temperature,  -/^  parts  of 
|  evaporate  in  water;  and  there  remain  about  .04  parts 
if  a  yellowish  matter,  which  by  distillation  in  a  strong 
neat  yields  water  and  a  little  oil :  the  residuum  consists 
Iff  different  saline  matters  §.  . 

When  alcohol  is  poured  into  this  liquid,  a  mucilagi- 
BOus  matter  is  precipitated  in  the  form  of  large  white 
likes.  The  alcohol  leaves  behind  it,  when  evaporated, 
l;aces  of  muriat  of  soda  and  soda.  The  residuum  which 

mains  behind,  when  inspissated  tears  are  burnt  in  the 
'■>en  air,  exhibits  some  traces  of  phosphat  of  lime  and 

losphat  of  soda  ||. 

Thus  it  appears  that  tears  are  composed  of  the  fol-  Composi- 
nving  ingredients :  •  tl(5n' 

1.  Water,  4.  Soda, 

2.  Mucilage,  5.  Phosphat  of  lime, 

3.  Muriat  of  soda,         6.  Phosphat  of  soda. 


'Fourcroy  and  Vauquclin,  Jour,  de  Pbys.  xxxix.  256.  f  Ibid.  p.  i,$7- 
llbid.  p.  3j6.  §  Ibid.  ||  Ibid.  p.  259. 
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The  saline  parts  amount  only  to  about  o.oi  of  the 
whole,  or  probably  not  so  much. 

The  mucilage  contained  in  the  tears  has  the  property 
of  absorbing  oxygen  gradually  from  the  atmosphere,  and 
of  becoming  thick  and  viscid,  and  of  a  yellow  colour.  , 
Tt  is  then  insoluble  in  water,  and  remains  long  suspend, 
ed  in  it  without  alteration.    When  a  sufficient  quantity 
of  oxy-muriatic  acid  is  poured  into  tears,  a  yellow  flaky 
precipitate  appears  absolutely  similar  to  this  inspissated 
mucilage.    The  oxy-muriatic  acid  loses  its  peculiar 
odour ;  hence  it  is  evident  that  it  has  given  out  oxygen j 
to  the  mucilage.  The  property  which  this  mucilage  has* 
of  absorbing  oxygen,  and  of  acquiring  new  qualities,] 
explains  the  changes  which  take  place  in  tears  which  j 
are  exposed  for  a  long  time  to  the  action  of  the  atmov] 
sphere,  as  is  the  case  in  those  persons  who  labour  umiet 
a  fistula  lachrymalis  *. 

2.  The  mucus  of  the  nose  has  also  been  examined 
by  Fourcroy  and  Vauquelin.    They  found  it  composed! 
of  precisely  the  same  ingredients  with  the  tears.  As 
this  fluid  is  more  exposed  to  the  action  of  the  air  than^ 
the  tears,  in  most  cases  its  mucilage  has  undergone  less5) 
or  more  of  that  change  which  is  the  consequence  of  the  , 
absorption  of  oxygen.    Hence  the  reason  of  the  great- 
er viscidity  and  consistence  of  the  mucus  of  the  nose} 
hence  also  the  great  consistence  which  it  acquires  duJ 
ring  colds,  where  the  action  of  the  atmosphere  is  assist*? 
ed  by  the  increased  action  of  the  parts  f. 

3.  As  to  the  mucus,  which  lubricates  the  aliment*! 
ry  canal,  the  trachea,  the  bronchia?,  the  urethra,  and  all 
the  different  cavities  of  the  body,  nobody  has  hitherto- 
subjected  it  to  analysis,  because  it  cannot  be  obtained 


#  Fourcroy  and  Yauquelin,  Jot(r.  di  PJiyi.  xxxix.  257. 
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n  sufficient  quantity.    It  is  viscid,  and  no  doubt  con-  _  Chap.  II. 
I.aihs  a  mucilaginous  substance,  similar  to  that  contained 
liii  the  saliva,  the  tears,  and  the  mucus  of  the  nose ;  as, 
I  ike  these  liquids,  it  is  liable  to  become  much  more  thick 
Ijy  exposure  to  the  air. 

4.  Neither  have  the  different  humours  of  the  eye,  Humoursof 
i:hc  aqueous,  vitreous,  and  crystalline,  been  subjected  to 
J  analysis  ;  nor  can  the  accuracy  of  the  observations  made 
l>n  them  by  the  earlier  physicians  be  depended  on. 


Sect,  xiv: 

of  SINOVIA. 

^Within  the  capsular  ligament  of  the  different  joint6 
??f  the  body  there  is  contained  a  peculiar  liquid,  in- 
r  ended  evidently  to  lubricate  the  parts,  and  to  facilitate 
;  heir  motion/  This  liquid  is  known  among  anatomists 
;:)y  the  name  of  sinovia. 

Whether  it  be  the  same  in  different  animals,  or  even 
in  all  the  different  joints  of  the  same  animal,  has  not 
))een  determined  ;  as  no  accurate  analysis  of  the  sinovia 
i  >f  different  animals  has  been  attempted.  The  only  ana- 
ysis  of  sinovia  which  has  hitherto  appeared  is  that  by 
VVIr  Margueron,  which  was  published  in  the'  14th  vo- 
lume of  the  Annales  de  Chimic.  He  made  use  of  sino- 
via obtained  from  the  joints  of  the  lower  extremities  of 
))xen. 

The  sinovia  of  the  ox,  when  it  has  lust  flowed  from  S<"ovia  of 
.....  .,        .  n         r  .  .the  OX. 

:ne  joint,  is  a  viscid  semitransparent  fluid,  or  a  greenish 

white  colour,  and  a  smell  not  unlike  frog  spawn.  It 
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very  Soon  acquires  the  consistence  of  jelly  5  and  this  hap. 
pens  equally  whether  it  be  kept  in  a  cold  Of  a  hot  tern, 
perature,  whether  it  be  exposed  to  the  air  or  excluded 
from  it.  This  consistence  does  nbt  continue  long ;  the 
sinovia  soon  recovers  again  its  fluidity,  and  at  the  same 
time  deposites  a  thready-like  matter  *. 

Sinovia  mixes  readily  with  watet,  arid  imparts  to  that 
liquid  a  great  deal  of  viscidity.  The  rnixtttre  frothei 
when  agitated}  becomes  milky  when  boiled,  artd  depc* 
sites  some  pellicles  on  the  sides  of  ths  dish ;  but  its  vis- 
cidity is  not  diminished  f. 
Contains  "When  alcohol  is  poured  into  sinovia,  a  white  substance 
precipitates,  which  has  all  the  properties  of  albumen. 
One  hundred  parts  of  sinovia  contain  4.52  of  albumen. 
The  liquid  still  continues  as  viscid  as  ever  ;  but  if  ace- 
tous acid  be  poured  into  it,  the  viscidity  disappears  al- 
together, the  liquid  becomes  transparent^  and  deposites 
And  a  fi-     a  quant:ity  0f  matter  in  white  threads,  which  possesses 

brousmat-         -1        '  '  r 

ter,  the  following  properties:  t.  It  has  the  colour,  smell, 

taste,  and  elasticity  of  vegetable  gluten.  2.  It  is  soluble  in 
concentrated  acids  and  pure  alkalies.  3.  It  is  soluble  in 
cold  water,  the  solution  frothes  ;  acids  and  alcohol  pre- 
cipitate the  fibrous  matter  in  flakes.  One  hundred  partB 
of  sinovia  contain  11.86  of  this  matter  J. 

When  the  liquid,  after  these  substances  have  been  se- 
parated from  it,  is  concentrated  by  evaporation,  it  de- 
posites crystals  of  acetite  of  soda.  Sinovia,  therefore, 
contains  soda.  Margueron  found  that  100  parts  of  si- 
novia contained  about  0.7 1  of  soda. 

When  strong  sulphuric,  muriatic,  nitric,  acetic,  or 
sulphurous  acid  is  poured  into  sinovia,  a  number  of 


*  Margueron,  Ann.de  Qbim.  xiv.  124.  {  Ibid.  p.  1:6, 

\  Ibid.  p.  126—130, 
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white  flakes  precipitate  at  firsts  but  they  are  soon  re-  Chap,  in 
dissolved^  and  the  viscidity  of  the  liquid  continues.  When 
these  acids  are  diluted  with  five  times  their  weight  of 
water,  they  diminish  the  transparency  of  sinovia,  but 
not  its  viscidity  ;  but  when  they  are  so  much  diluted 
that  their  acid  taste  is  just  perceptible,  they  precipitate 
the  peculiar  thready  matter,  and  the  viscidity  of  the  si- 
novia disappears  *% 

When  sinovia  is  exposed  to  a  dry  atmosphere  it  gra-  And  sait8, 
dually  evaporates,  and  a  scaly  residuum  remains,  in 
which  cubic  crystals,  and  a  wlnte  saline  efflorescence, 
are  apparent.  The  cubic  crystals  are  rnuriat  of  soda. 
One  hundred  parts  of  sinovia  contain  about  1.75  of  this 
salt.    The  saline  efflorescence  is  carbonat  of  soda  f . 

Sinovia  soon  putrefies  in  a  moist  atmosphere,  and  du- 
ring the  putrefaction  ammonia  is  exhaled.  When  it  is 
distilled  in  a  retort,  there  come  over,  first  water,  which 
soon  putrefies  ;  then  water  containing  ammonia  ;  then 
empyreumatic  oil  and  carbonat  of  ammonia.  From  the 
residuum  muriat  and  carbonat  of  soda  may  be  extract- 
ed by  lixiviation.  The  coal  contains  some  phosphat  of 
lime  {. 

From  the  analysis  of  Mr  Margueron  it  appears  that  Composi- 
sinovia  is  composed  of  the  following  ingredients  :  tlon* 
ti.86  fibrous  matter 
4.52  albumen 
1.75  mUriat  of  soda 
.71  soda 

.70  phosphat  of  lime  fj 
80.57  water 
100.00 


*  Marguefr>n,  Ann.  de  Cl'm.  xiv.  \  Ibid.  iay.       J  Ibidj  IzS. 

0  Mr  Hatchett  found  ©ply  0.298  of  phosphat  of  lime  in  the  sinovia 
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Book  V.  How  far  the  sinovia  of  the  human  body  resembleg 
that  of  oxen  it  is  impossible  to  say.  The  following  fact 
renders  it  probable,  that  it  either  contains  different  in, 
Gontycon-  gredients,  or  is  liable  to  alteration  from  disease.  Con- 
cretions  often  form  in  the  joints  of  gouty  people,  and 
make  their  way  through  the  skin.  These,  in  common 
language,  are  called  chalk  stones.  Dr  Pearson  and  Mr 
Tennant  analysed  some  of  them,  and  found  them  com- 
posed of  urat  of  soda  *.  This  analysis  has  been  repeated 
by  Fourcroy  and  confirmed  f .  It  is  doubtless  this  fact 
that  has  induced  Fourcroy  to  conjecture,  that  uric  acid 
forms  a  constituent  part  of  sinovia  \. 


SECT.  XV. 

OF  SEMEN. 

The  peculiar  liquid  secreted  in  the  testes  of  males,  and 
destined  for  the  impregnation  of  females,  is  known  by 
the  name  of  semen.  The  human  semen  alone  has  hi- 
therto been  subjected  to  chemical  analysis.  Nothing 
is  known  concerning  the  seminal  fluid  of  other  animals. 
Vauquelin  published  an  analysis  of  the  human  semen 
in  1791- 

Properties.  Semen,  when  newly  ejected,  is  evidently  a  mixture 
of  two  different  substances  :  the  one,  fluid  and  milky, 
which  is  supposed  to  be  secreted  by  the  prostate  gland  ; 


which  he  examined.   He  found,  however,  traces  of  some  other  phos- 
phat ;  probably  phosphat  of  soda.    Phil.  Trans.  1799,  p.  246. 
*  Jour,  de  Pbys.  xlv.  399.  f  Fourcroy,  x.  26  7.        f  Ibid,  ix,  2»4- 
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the  other,  which  is  considered  as  the  true  secretion  of  Chap.  jr. 
the  testes,  is  a  thick  mucilaginous  substance,  in  which 
numerous  white  shining  filaments  may  be  discovered*. 
It  has  a  slight  disagreeable  odour,  an  acrid  irritating 
taste,  and  its  specific  gravity  is  greater  than  that  of 
water.  When  rubbed  in  a  mortar  it  becomes  frothy, 
and  of  the  consistence  of  pomatum,  in  consequence  of 
its  enveloping  a  great  number  of  air-bubbles.  It  con- 
verts paper  stained  with  the  blossoms  of  mallows  or  vi- 
olets to  a  green  colour,  and  consequently  contains  an 
alkali  f . 

As  the  liquid  cools,  the  mucilaginous  part  becomes 
transparent,  and  acquires  greater  consistency  ;  but  in 
about  twenty  minutes  after  its  emission,  the  whole  ber 
comes  perfectly  liquid.  This  liquefaction  is  not  owing 
to  the  absorption  of  moisture  from  the  air,  for  it  loses 
instead  of  acquiring  weight  during  its  exposure  to  the 
atmosphere  ;  nor  is  it  owing  to  the  action  of  the  air, 
for  it  takes  place  equally  in  close  vessels  J. 

Semen  is  insoluble  in  water  before  this  spontaneous 
liquefaction,  but  afterwards  it  dissolves  readily  in  it. 
When  alcohol  or  oxy-muriatic  acid  is  poured  into  this 
solution,  a  number  of  white  flakes  are  precipitated  §. 
Concentrated  alkalies  facilitate  its  combination  with 
water.  Acids  readily  dissolve  the  semen,  and  the  so- 
lution is  not  decomposed  by  alkalies  ;  neither  indeed  is 
the  alkaline  solution  decomposed  by  acids  [j . 

Lime  disengages  no  ammonia  from  fresh  semen  j  but 
after  that  fluid  has  remained  for  some  time  in  a  moist 
and  warm  atmosphere,  lime  separates  a  great  quantity 


*  Vauquelin,  Ann.  de  Cbim.  ix.  64.  f  Ibid.  p.  65. 

\  Ibid,  p.  66.  §  Ibid.  p.  70.  |)  Ibid.  p.  71. 
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t  Bg"k  V>  ,  from  it.  Consequently  ammonia  is  formed  during  the 
exposure  of  semen  to  the  air*. 

Mucilage  When  oxy-muriatic  acid  is  poured  into  semen,  a 
number  of  white  flakes  precipitate,  and  the  acid  loses 
its  peculiar  odour  These  flakes  are  insoluble  in  water, 
and  even  in  acids.  If  the  quantity  of  acid  be  sufficient, 
the  semen  acquires  a  yellow  colour.  Thus  it  appears 
that  semen  contains  a  mucilaginous  substance  analo- 
gous to  that  of  the  tears,  which  coagulates  by  absorb, 
ing  oxygen.  Mr  Vauquelin  obtained  from  loo  parts 
of  semen  six  parts  of  this  mucilage. 

UmeSphat  °f  When  semen  is  exposed  to  the  air  about  the  tempe- 
rature of  60 °,  it  becomes  gradually  coveted  with  a 
transparent  pellicle,  and  in  three  or  four  days  deposites 
small  transparent  crystals,  often  crossing  each  other  in 
such  a  manner  as  to  represent  the  spokes  of  a  wheel. 
These  crystals,  when  viewed  through  a  microscope,  ap- 
pear to  be  four- sided  prisms,  terminated  by  very  long 
four-sided  pyramids.  They  may  be  separated  by  di- 
luting the  liquid  with  water,  and  decanting  it  off*.  They 
have  all  the  properties  of  phosphat  of  lime  f.  If,  after 
the  appearance  of  these  crystals,  the  semen  be  still  al- 
lowed to  remain  exposed  to  the  atmosphere,  the  pellicle 
on  its  surface  gradually  thickens,  and  a  number  of 
white  round  bodies  appear  on  different  parts  of  it. 
These  bodies  also  are  phosphat  of  lime,  prevented  from 
crystallizing  regularly  by  the  too  rapid  abstraction  of 
moisture.    Mr  Vauquelin  found  that  100  parts  of  se- 

And  soda,  men  contain  three  parts  of  phosphat  of  lime  If  at 
this  period  of  the  evaporation  the  air  becomes  moist, 
other  crystals  appear  in  the  semen,  which  have  the  pro- 


¥  Ann.  dt  dim.  ix.  Ji.       \  Ibid.  p.  67.  and  73.       \  Ibid.  p.  68. 
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perties  of  carbonat  of  soda.  The  evaporation  does  not  Chap.H. 
go  on  to  complete  exsiccation,  unless  at  the  tempera- 
ture of  770,  and  when  the  air  is  very  dry.  When  all 
the  moisture  is  evaporated,  the  semen  has  lost  0  9  of 
its  weight,  the  residuum  is  semi-transparent  like  horn, 
and  brittle*. 

When  semen  is  kept  in  very  moist  air,  at  the  tem- 
perature of  about  770,  it  acquires  a  yellow  colour  like 
that  of  the  yolk  of  an  egg  ;  its  taste  becomes  acid,  it 
exhales  the  odour  of  putrid  fish,  and  its  surface  is  co- 
vered with  abundance  of  the  byssus  septicaf. 

When  dried  semen  is  exposed  to  heat  in  a  crucible,  Action  of 
it  melts,  acquires  a  brown  colour,  and  exhales  a  yellow 
fume,  having  the  odour  of  burnt  horn.  When  the  heat 
is  raised,  the  matter  swells,  becomes  black,  and  gives 
out  a  strong  odour  of  ammonia.  When  the  odour  of 
ammonia  disappears,  if  the  matter  be  lixiviated  with 
water,  an  alkaline  solution  may  be  obtained,  which,  by 
evaporation,  yields  crystals  of  carbonat  of  soda.  Mr 
Vauquelin  found  that  100  parts  of  semen  contain  one 
part  of  sodaj.  If  the  residuum  be  incinerated,  there 
will  remain  only  a  quantity  of  white  ashes,  consisting 
of  phosphat  of  lime. 

Thus  it  appears  that  semen  is  composed  of  the  fol-  Compoa- 
lowing  ingredients  :        90  water 

6  mucilage 

3  phosphat  of  lime 

I  soda 


100 


*  Ann.  dt  Cbim.  ix.  68.  \  Ibid.  }  Ibid.  p.  75. 
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SECT.  XVI. 
OF  THE  LIOJJOR  OF  THE  AMNIOS 

The  foetus  in  the  uterus  is  enveloped  in  a  peculiar 
membranous  covering,  to  which  anatomists  have  given 
the  name  of  amnios.  Within  this  amnios  there  is  a  li- 
quid, distinguished  by  the  name  of  the  liquor  of  the  am- 
tiiosy  which  surrounds  the  foetus  on  every  part.  This 
liquid,  as  might  have  been  expected,  is  very  different 
in  different  animals,  at  least  the  liquor  amnii  in  women 
and  in  cows,  which  alone  have  hitherto  been  analysed, 
have  not  the  smallest  resemblance  to  each  other.  These 
_  two  liquids  have  been  lately  analysed  by  Vauquelin  and 
Buniva,  and  the  result  of  their  analysis  has  been  pub- 
lished in  the  33d  volume  of  the  Annates  de  Chimie. 
LTquor  of  i.  The  liquor  of  the  amnios  of  women  is  a  fluid  of  a 
amnios?3"  slightly  milky  colour,  a  weak  but  pleasant  odour,  and 
a  saltish  taste.  The  white  colour  is  owing  to  a  curdy 
matter  suspended  in  it,  for  it  may  be  obtained  quite 
transparent  by  filtration*. 

Its  specific  gravity  is  1.005.  It  gives  a  green  co- 
lour to  the  tincture  of  violets,  and  yet  it  reddens  very 
decidedly  the  tincture  of  turnsole.  These  two  proper- 
ties would  indicate  at  once  the  presence  of  an  acid  and 
of  an  alkali.  It  frothes  considerably  when  agitated. 
On  the  application  of  heat  it  becomes  opaque,  and  has 
then  a  great  resemblance  to  milk  diluted  with  a  large 


*  Ann.  dc  Chim.  xixiii.  2  70. 
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-quantity  of  water.    At  the  same  time  it  exhales  the  Chap^U. 

*i     ^  ^ 

•  odour  of  boiled  white  of  egg  *• 

Acids  render  it  more  transparent.  Alkalies  preci- 
ipitate  an  animal  matter  in  small  flakes.  Alcohol  like- 
'wise  produces  a  flaky  precipitate,  which,  when  collected 
:and  dried,  becomes  transparent,  and  very  like  glue.  The 
; infusion  of  nutgalls  produces  a  very  copious  brown  co- 
iloured  precipitate.  Nitrat  of  silver  occasions  a  white 
precipitate,  which  is  insoluble  in  nitric  acid,  and  conse- 
quently is  muriat  of  silver  f . 

When  slowly  evaporated  it  becomes  slightly  milky, 
a  transparent  pellicle  forms  on  its  surface,  and  it  leaves 
a  residuum  which  does  not  exceed  0.012  of  the  whole. 
By  lixiviating  this  residuum,  and  evaporating  the  ley, 
.crystals  of  muriat  and  carbonat  of  soda  may  be  obtain- 
ed. The  remainder,  when  incinerated,  exhales  a  fetid 
aand  ammoniacal  odour,  resembling  that  of  burning  horn ; 
the  ashes  consist  of  a  small  quantity  of  carbonat  of  soda, 
nd  of  phosphat  and  carbonat  of  lime  J. 
Thus  we  see  that  the  liquor  of  the  human  amnios  is  Composi- 
icomposed  of  about    98.8  water, 

f  albumen, 
i.2<J  muriat  of  soda,  soda, 
(phosphat  of  lime,  lime. 


100.0 


While  the  fcetus  is  in  the  uterus,  a  curdy-l-ike  matter  Curdy  mat- 
s  deposited  on  the  surface  of  its  skin,  and  in  particular  eTon^he*"' 
3arts  of  its  body.    This  matter  is  often  found  collected  fcEtU5, 
n  considerable  quantities.    It  is  evidently  deposited 
"rom  the  liquor  of  the  amnios  ;  and  consequently  the 


*  Ann.  de  Cb'im.  xxxiii.  271. 


f  Ibid. 


\  Ibid.  2JZ. 
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Book  V»  knowledge  of  its  peculiar  nature  must  throw  consider* 
able  light  upon  the  properties  and  use  of  that  liquor. 
For  an  analysis  of  this  substance  we  are  also  indebted  to 
Vauquelin  and  Buniva. 

Its  colour  is  white  and  brilliant ;  it  has  a  soft  feel, 
and  very  much  resembles  newly  prepared  soap.  It  is 
insoluble  in  water,  alcohol,  and  oils.  Pure  alkalies  dis- 
solve part  of  it,  and  form  with  it  a  kind  of  soap.  On 
burning  coals  it  decrepitates  like  a  salt,  becomes  dry 
and  black,  exhales  vapours  which  have  the  odour  of 
empyreumatic  oil,  and  leaves  a  residuum  which  is  very 
/difficultly  reduced  to  ashes.  When  heated  in  a  platinum 
crucible  it  decrepitates,  lets  an  oil  exsude,  curls  up  like 
horn,  and  leaves  a  residuum,  consisting  chiefly  of  car- 
bonat  of  lime  *. 

These  properties  shew  that  this  matter  is  different 
from  every  one  of  the  component  parts  of  die  liquor  of 
the  amnios,  and  that  it  has  a  great  resemblance  to  the 
fat.    It  is  probable,  as  Vauquelin  and  Buniva  have 
conjectured,  that  it  is  formed  from  the  albumen  of  that 
liquid,  which  has  undergone  some  unknown  changes. 
It  has  been  long  known,  that  the  parts  of  a  foetus, 
which  has  lain  for  some  time  after  it  has  been  deprived 
of  life  in  the  uterus,  are  sometimes  converted  into  a 
kind  of  fatty  matter.    It  is  evident  that  this  substance, 
after  it  is  deposited  upon  the  skin  of  the  foetus,  must 
preserve  it  in  a  great  measure  from  being  acted  upon 
by  the  liquor  of  the  amnios. 
Liquor  of        2.  The  liquor  of  the  amnios  of  the  cow  has  a  visci- 
o^thTcow.  dity  similar  to  mucilage  of  gum  arabic,  a  brownish  red 
colour,  an  acid  and  bitter  taste,  and  a  peculiar  odour, 


•  Ann.  ii  Cb'im.  ixxiii.  5174. 
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not  unlike  that  of  some  vegetable  extracts.  Its  specific  ,  chaP- IL 
gravity  is  1.028.  It  reddens  the  tincture  of  turnsole, 
and  therefore  contains  an  acid.  Muriat  of  barytes 
:auses  a  very  abundant  precipitate,  which  renders  it  pro- 
vable that  it  contains  sulphuric  acid.  Alcohol  separates 
:rcm  it  a  great  quantity  of  a  reddish  coloured  matter  *. 

When  this  liquid  is  evaporated,  a  thick  frothy  scum 
gathers  on  the  surface,  which  is  easily  separated,  and  in 
which  some  white  acid-tasted  crystals  may  be  discover- 
ed. By  continuing  the  evaporation,  the  matter  be- 
omes  thick  and  viscid,  and  has  very  much  the  look  of 
Money.  Alcohol  boiled  upon  this  thick  matter,  and 
;iltered  off,  deposites  upon  cooling  brilliant  needle-form- 
od  crystals  nearly  an  inch  in  length.  These  crystals 
may  be  obtained  in  abundance  by  evaporating  the  li- 
[[uor  of  the  amnios  to  a  fourth  part  of  its  bulk,  and 
!hen  allowing  it  to  cool.  The  crystals  soon  make  their 
;ppearance.  They  may  be  separated  and  purified  by 
washing  them  in  a  small  quantity  of  cold  water.  These 
rrystals  are  amniotic  acid  -f. 

If  after  the  separation  of  this  acid  the  liquor  of  the 
imnios  be  evaporated  to  the  consistence  of  a  syrup,  large 
■"ansparent  crystals  appear  in  it,  which  have  all  the  pro-/ 
terties  of  sulphat  of  soda.    The  liquid  of  the  amnios 
f  cows  contains  a  considerable  quantity  of  this  salt. 
Thus  it  appears  that  the  liquor  of  the  amnios  of  Composi- 
s  contains  the  following  ingredients  : 

1.  Water, 

2.  A  peculiar  animal  matter, 

3.  Acid, 

4.  Sulphat  of  soda. 


*  Ann.  de  Cbioi.  xxxiii.  275.  f  Ibid.  276. 
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^°°kyV'  ■  •  ar"mal  matter  possesses  the  following  properties ; 

It  has  a  reddish  brown  colour,  and  a  peculiar  taste ;  it 
is  very  soluble  in  water,  but  insoluble  in  alcohol,  which 
has  the  property  of  separating  it  from  water.  "When 
exposed  to  a  strung  heat  it  swells,  exhales  first  the  odour 
of  burning  gum,  then  of  empyreumatic  oil  and  of  am- 
monia, and  at  last  the  peculiar  odour  of  prussic  acid 
becomes  very  conspicuous.  It  differs  from  gelatine  in 
the  viscidity  which  it  communicates  to  water,  in  not 
forming  a  jelly  when  concentrated,  and  in  not  being 
precipitated  by  tan.  It  must  be  therefore  ranked  among 
the  very  undefined  and  inaccurate  class  of  animal  muci- 
lages. When  burnt,  it  leaves  a  very  large  coal,  which 
is  readily  incinerated,  and  leaves  a  little  white  ashes, 
composed  of  phosphat  of  magnesia,  and  a  very  small  pro- 
portion of  phosphat  of  lime  *. 


SECT.  XVII. 

OF  URINE. 

No  animal  substance  has  attracted  more  attention  thaaj 
urine,  both  on  account  of  its  supposed  connection  with 
various  diseases,  and  on  account  of  the  very  singular; 
products  which  have  been  obtained  from  it.  Mr  Boyle, 
and  the  other  chemists  who  were  his  contemporaries, 
were  induced  to  attend  particularly  to  this  liquid,  by  the 
discovery  of  a  method  of  obtaining  phosphorus  from  in 


*  Ann.  di  dim.  xxxiii.  278. 
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oerhaave,  Haller,  Haupt,  Margraf,  Pott,  Rouelle,  t  Chap.  n-i 
Proust,  and  Klaproth,  successively  improved  the  method 
rof  obtaining  the  phosphoric  salts  from  urine,  or  added 
isomething  to  our  knowledge  of  the  component  parts  of 
:hese  salts.    Scheele  added  greatly  to  our  knowledge  of 

Erine  by  detecting  several  new  substances  in  it  which 
ad  not  been  suspected.    Cruickshank  has  given  us  a 
ery  valuable  paper  on  urine  in  the  second  edition  of 
hRotlo's  Diabetes    Fourcroy  and  Vauquelin  have  lately 
published  a  very  complete  analysis  of  it;  and  Mr  Proust 
ihas  published  another,  no  less  ingenious,  in  which  he 
■■■points  out  the  existence  of  several  substances  which  had 
been  overlooked  by  other  chemical  philosophers. 

1.  Urine  reddens  paper  stained  with  turnsole  and  Contains  an 
with  the  juice  of  radishes,  and  therefore  contains  an  aad' 
aacid. 

2.  If  a  solution  of  ammonia  be  poured  into  fresh  Super- 
uurine,  a  white  powder  precipitates,  which  has  the  pro-  £f  j-^c*' 
jperties  of  phosphat  of  lime.    The  presence  of  this  sub- 
stance in  urine  was  first  discovered  by  Scheele  *.  If 

lime  water  be  poured  into  urine,  phosphat  of  lime  pre- 
tcipitates  in  greater  abundance  than  when  ammonia1  is 
msed  ;  consequently  the  acid  which  urine  contains  is  the 
fphosphoric.  Thus  we  see  that  the  phosphat  of  lime  is 
Ikept  dissolved  in  urine  by  an  excess  of  acid,  or  it  is  in 
tihe  state  of  super-phosphat.  This  also  was  first  disco- 
vered by  Scheele  f .  This  substance  is  most  abundant 
iin  the  urine  of  the  sick.-  Berthollet  has  observed,  that 
tthe  urine  of  gouty  people  is  less  acid  than  that  of  people 
iin  perfect  health.    The  average  quantity  of  phosphat 


*  Scheele,  i.  208.  \  Ibid. 
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of  lime  in  healthy  urine  is,  as  Cruickshank  has  ascer* 
tained,  about        of  the  weight  of  the  urine  *. 

3.  If  the  phosphat  of  lime  precipitated  from  urine  be 
examinee),  a  little  magnesia  will  be  found  mixed  with  it. 
Fourcroy  and  Vauquelin  have  ascertained  that  this  is 
owing  to  a  little  phosphat  of  magnesia  which  urine  con. 
tains,  and  which  is  decomposed  by  the  alkali  or  lime 
employed  to  precipitate  the  phosphat  of  lime  f. 

4.  Proust  informs  us  J:hat  carbonic  acid  exists  in 
urine,  and  that  its  separation  occasions  the  froth  which 
appears  during  the  evaporation  of  urine  J.  Fourcroy 
and  Vauquelin,  on  the  other  hand,  consider  this  acid  as 
formed  during  the  evaporation  by  the  decomposition  of 
the  urea. 

5.  Proust  has  observed,  that  urine  kept  in  new  c. 
deposites  small  crystals  which  effloresce  in  the  air  and  fall 
to  powder.  These  crystals  possess  the  properties  of 
carbonat  of  lime§.  Hence  we  must  conclude  that 
urine  contains  carbonat  of  lime  ;  a  very  extraordinary 
fact,  if  we  reflect  that  super-phosphat  of  lime  is  also 
present. 

6.  When  fresh  urine  cools,  it  often  lets  fall  a  brick- 
coloured  precipitate,  which  Scheele  first  ascertained  to 
be  crystals  of  uric  acid.  All  urine  contains  this  acid, 
even  when  no  sensible  precipitate  appears  when  it  cools. 
For  if  a  sufficient  quantity  of  clear  and  fresh  urine  be 
evaporated  to  ~T  of  its  weight,  a  subtle  powder  pre- 
cipitates to  the  bottom,  and  attaches  itself  in  part  very 
firmly  to  the  vessel.    This  part  may  be  dissolved  in 


*  Vbil.  ~\tag.  ii.  241. 

f  Ann.  dc  Cbim.  XXXvL  260. 


f  Ann.  de  Cbim.  xxji.  66. 
\  Ibid.  p.  163. 
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)ure  alkali,  and'precipitated  again  by  acetous  acid.    It  Chap.  n. 
exhibits  all  the  properties  of  uric  acid  *. 

7.  During  intermittent  fevers  urine  dcposites  a  very  ^accous 
copious  precipitate,  which  has  been  long  known  to  phy- 

icians  under  the  name  of  lateritious  sediment.   This  se- 
liment  always  makes  its  appearance  at  the  crisis  of 
evers.    In  gouty  people,  the  same  sediment  appears  in 
equal  abundance  towards  the  end  of  a  paroxysm  of  the 
lisease.   And  if  this  sediment  suddenly  disappears  after 
tt  has  begun  to  be  deposited,  a  fresh  attack  may  be 
■xpectedf.    Scheele  considered  this  sediment  as  uric 
acid  mixed  with  some  phosphat  of  lime;  and  the  same 
opinion  has  been  entertained  by  other  chemists :  but 
'roust  affirms  that  it  consists  chiefly  of  a  different  sub- 
stance, to  which  he  has  given  the  name  of  rosaceous 
i.icid  from  its  colour ;  mixed  with  a  certain  proportion 
>>f  uric  acid  and  phosphat  of  lime.  This  rosaceous  acid, 
ne  informs  us,  is  distinguished  from  the  uric  by  the  fa- 
cility with  which  it  dissolves  in  hot  water,  the  violet 
irecipitate  which  it  occasions  in  muriat  of  gold,  and  by 
Ihe  little  tendency  which  it  has  to  crystallize  J. 

8.  If  fresh  urine  be  evaporated  to  the  consistence  of  a  Benzoic 
yrup,  and  muriatic  acid  be  then  poured  into  it,  a  pre- 
cipitate appears  which  possesses  the  properties  of  ben- 
zoic acid.  Scheele  first  discovered  the  presence  of  ben- 
zoic add  in  urine.    He  evaporated  it  to  dryness,  sepa- 
rated the  saline  part,  and  applied  heat  to  the  residuum. 

IFhe  benzoic  acid  was  sublimed,  and  found  crystallized 
n  the  receiver.  The  above  method  was  first  proposed 
?y  Fourcroy  and  Vauquelin  §.    By  it  very  considerable 


*  Scheele,  207.  \  Cruikshank,  Phil.  Mag.  ii.  249. 

I  Ann.  de  Ch'im.  xxxvi.  265.  §  Ibid.  xxxi.  63. 
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Book  V.  ^  quantities  of  benzoic  acid  may  be  obtained  from  the 
urine  of  horses  and  cows,  where  it  is  much  more  abun* 
dant  than  in  human  urine.    In  human  urine  it  varies 
,  from  -j-gijs-  to  -rg-iLg-y  of  the  whole*.  Proust  affirms  that 
the  acid  obtained  by  Scheele's  process  is  not  the  benzoic, 
but  another  possessed  of  similar  properties  ;  but  differing 
in  this  circumstance,  that  nitric  acid  decomposes  it, 
whereas  it  only  whitens  benzoic  acid  f. 
andgdai         9*  When  an  infusion  of  tan  is  dropt  into  urine,  a 
tine,  white  precipitate  appears,  having  the  properties  of  the 

combination  of  tan  and  albumen,  or  gelatine.  Urine, 
therefore,  contains  albumen  or  gelatine.  These  sub- 
stances had  been  suspected  to  be  in  urine,  but  their  pre- 
sence was  first  demonstrated  by  Seguin,  who  discover- 
ed the  above  method  of  detecting  them.  Their  quan- 
tity in  healthy  urine  is  very  small.  Cruikshank  found 
that  the  precipitate  afforded  by  tan  in  healthy  urine  a- 
mounted  to  ^o-th  Part  °f  weight  of  the  urine  1.  It 
j.s  to  these  substances  that  the  appearance  of  the  cloud, 
as  it  is  called,  or  the  mucilaginous  matter,  which  is 
sometimes  deposited  as  the  urine  cools,  is  owing.  It  is 
probable  that  healthy  urine  contains  only  gelatine,  and; 
not  albumen,  though  the  quantity  is  too  small  to  admit 
of  accurate  examination ;  but  in  many  diseases  the  quan- 
tity of  these  matters  is  very  much  increased.  The 
urine  of  dropsical  people  often  contains  so  much  albu-j 
men,  that  it  coagulates  not  only  on  the  addition  of 
acids,  but  even  on  the  application  of  heat  §.  In  all 
.cases  of  impaired  digestion,  the  albuminous  and  gelati-, 
nous  part  of  urine  is  much  increased.    This  forms  one] 


*  Ann.  de  dim.  xxxi.  63.  t  Ibid  xxxvi.  p.  273. 

I  VbiU  Mag.  ii.  243.  §  Cruikshank,  Ihid.  248, 
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Lcf  the  most  conspicuous  and  important  distinctions  be-  Chap, 
itween  the  urine  of  those  who  enjoy  good  and  bad 
Ihealth  *. 

io.  If  urine  be  evaporated  by  a  slow  fire  to  the  con-  Urea, 
Lsistence  of  a  thick  syrup,  it  assumes  a  deep  brown  co-  . 
Ilour,  and  exhales  a  fetid  ammoniacal  odour.  When  al- 
Ilowed  to  cool,  it  concretes  into  a  mass  of  crystals,  com- 
fcposed  of  all  the  component  parts  of  urine.  If  four 
■times  its  weight  of  alcohol  be  poured  upon  this  mass, 
tat  intervals,  and  a  slight  heat  be  applied,  the  greatest 
Ippart  of  it  is  dissolved.  The  alcohol,  which  has  acqui- 
Irred  a  brown  colour,  is  to  be  decanted  off,  and  distilled 
Lin  a  crucible  in  a  sand  heat,  till  the  mixture  has  boiled 
li' for  some  time,  and  acquired  the  consistence  of  a  syrup. 
IBy  this  time  the  whole  of  the  alcohol  has  passed  off, 
rand  the  matter,  on  cooling,  crystallizes  in  quadrangular 
jplates  which  intersect  each  other.  This  substance  is 
\ureat  which  composes  i-g-  of  tne  urine,  provided  the 
•watery  part  be  excluded.  To  this  substance  the  taste 
.and  smell  of  urine  are  owing.  It  is  a  substance  which 
(characterizes  urine,  and  constitutes  it  what  it  is,  and  to 
\which  the  greater  part  of  the  very  singular  phenomena 
i  of  urine  are  to  be  ascribed. 

It  may  be  detected  by  evaporating  urine  to  the  con- 
sistence of  a  syrup,  and  pouring  into  it  concentrated  ni- 
rtric  acid.  Immediately  a  great  number  of  white  shi- 
ning crystals  appear  in  the  form  of  plates,'  very  much 
resembling  crystallized  boracic  acidj  These  crystals 
are  urea  combined  with  nitric  acid. 

The  quantity  of  urea  varies  exceedingly  in  different 
'Urines.     In  the  urine  voided  soon  after  a  meal,  very 


*  Fourcroy  a  i !  Vaupelin,  Ann.  de  Chin.  xxxi.  6l. 
E  e  4 


44°  -ANIMAL  FLUIDS- 

t  Bo°k  v- ,   little  of  it  is  to  be  found,  and  scarcely  any  at  all  in  that  1 
which  hysterical  patients  void  during  a  paroxysm. 

A  resin,  u.  According  to  Fourcrqy  and  Vauquclin,  the  co- 

lour of  urine  depends  upon  the  urea:  the  greater  the 
proportion  of  urea  the  deeper  the  colour  :  But  Proust 
has  detected  a  resinous  matter  in  urine  similar  to  the 
resin  of  bile  ;  and  to  this  substance  he  ascribes  the  co- 
lour of  urine.  If  urine,  evaporated  to  the  consistence 
of  an  extract,  be  mixed  with  sulphuric  acid  and  distil- 
led, this  resin,  he  informs  us,  separates  during  the  di- 
stillation. What  is  first  obtained  is  soft,  but  the  last 
portions  are  in  the  state  of  a  dry  powder.  The  con- 
sistence and  colour  of  this  resin  resembles  castor  :  it  is 
very  soluble  in  alcohol,  and  precipitated  from  its  solo* 
tion  by  water:  But  it  is  also  soluble  in  water;  and, 
according  to  Proust,  is  the  resin  of  bile,  somewhat  mo- 
dified by  its  passage  through  the  urinary  organs  *. 

Munat  of        I2.  If  urine  be  slowlv  evaporated  to  the  consistence 
soda,  J  r 

of  a  syrup,  a  number  of  crystals  make  their  appearance 
on  its  surface  :  these  possess  the  properties  of  muriat 
of  soda.  Urine  therefore  contains  muriat  of  soda.  It 
is  well  known  that  muriat  of  soda  crystallizes  in  cubes ; 
but  when  obtained  from  urine  it  has  the  form  of  octa- 
hedrons. This  singular  modification  of  its  form  is  owing 
to  the  action  of  urea  -f-.  It  has  been  long  known  that 
urine  saturated  with  muriat  of  soda  deposites  that  salt 
in  regular  octahedrons. 
Fhosphats  13.  The  saline  residuum  which  remains  after  the  se- 
and'ofsoda3  Parati°n  °f  urea  from  crystallized  urine  by  means  of  al- 
cohol has  been  long  known  under  the  names  of  fusible 
salt  of  urine  and  microcosmic  salt.    Various  methods 


*  Ami.dc  Clim.  xxxvi.  274. 
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»'f  obtaining  it  have  been  given  by  chemists  from  Boer-  ,  ChaP-  . 
haave,  who  first  published  a  process,  to  Rouelle  and 
(Chaulnes,  who  gave  the  method  just  mentioned.  If 
this  saline  mass  be  dissolved  in  a  sufficient  quantity  of 
[hot  water,  and  allowed  to  crystallize  spontaneously  in 
aa  close  vessel,  two  sets  of  crystals  are  gradually  depo- 
sited.   The  lowermost  set  has  the  figure  of  flat  rhom- 
boidal  prisms ;  the  uppermost,  on  the  contrary,  has 
tthe  form  of  rectangular  tables.    These  two  may  be  ea- 
sily separated  by  exposing  them  for  some  time  to  a  dry 
atmosphere.    The  rectangular  tables  effloresce  and  fall 
to  powder,  but  the  rhomboidal  prisms  remain  unal- 
ttered. 

When  these  salts  are  examined,  they  are  found  to 
have  the  properties  of  phosphats.  The  rhomboidal 
iprisms  consist  of  phosphat  of  ammonia  united  to  a  little 
;phosphat  of  soda ;  the  rectangular  tables,  on  the  con- 
trary, are  phosphat  of  soda  united  to  a  small  quantity 
■  of  phosphat  of  ammonia.  Urine,  then,  contains  phos- 
phat of  soda  and  phosphat  of  ammonia. 

14.  When  urine  is  cautiously  evaporated,  a  few  cu-  Muriat  of 
bic  crystals  are  often  deposited  among  the  other  salts  •,  moxu* 
I  these  crystals  have  the  properties  of  muriat  of  ammo- 
nia.   Now  the  usual  form  of  the  crystals  of  muriat  of 

I  ammonia  is  the  octahedron.    The  change  of  its  form. 

iin  urine  is  produced  also  by  urea.  This  salt  is  obtain- 
ed in  greater  abundance  when  the  crystals  of  urea  ob- 
tained from  the  alcohol  solution  are  distilled  *. 

15.  When  urine  is  boiled  in  a  silver  bason  it  black-  And  -mi- 
ens the  bason;  and  if  the  quantity  of  urine  be  large,  p 
small  crusts  of  sulphurct  of  silver  may  be  detached. 


*  Fourcroy  and  Vautpclin. 
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sition. 


Other  sub- 
stances oc- 
casionally 
present. 


Hence  we  see  that  urine  contains  sulphur.  This  sul- 
phur exhales  along  with  the  carbonic  acid  when  th< 
urine  putrefies  ;  for  the  fumes  which  separate  from 
urine  in  that  state  blacken  paper  stained  with  acetite  of 
lead*. 

Urine,  then,  contains  the  following  substances : 


to.  Gelatine  and  albumen, 

1 1 .  Urea, 

12.  Resin, 

13.  Muriat  of  soda, 

14.  Phosphat  of  soda, 

15.  Phosphat  of  ammonia, 

16.  Muriat  of  ammonia, 

17.  Sulphur. 


1.  Water, 

2.  Phosphoric  acid, 

3.  Phosphat  of  lime, , 

4.  Phosphat  of  magnesia, 

5.  Carbonic  acid, 

6.  Carbonat  of  lime, 

7.  Uric  acid, 

8.  Rosaceous  acid, 

9.  Benzoic  acid, 

These  are  the  only  substances  which  are  constantly 
found  in  healthy  urine  f ;  but  it  contains  also  occa- 
sionally other  substances.  Very  often  muriat  of  potass 
may  be  distinguished  among  the  crystals  which  form 
during  its  evaporation.  The  presence  of  this  salt  may 
always  be  detected  by  dropping  cautiously  some  tarta- 
rous  acid  into  urine.  If  it  contains  muriat  of  potass, 
there  will  precipitate  a  little  tartar,  which  may  easily 
be  recognised  by  its  properties  |. 

Urine  sometimes  also  contains  sulphat  of  soda,  and 
even  sulphat  of  lime.  The  presence  of  these  salts  may 
be  ascertained  by  pouring  into  urine  a  solution  of  mu- 
riat of  bary tes ;  a  copious  white  precipitate  appears,  con- 
sisting of  the  barytes  combined  with  phosphoric  acid, 


*  Proust,  Ann.dr  Ch'im.  xxxvi.  258. 

f  Fourcroy  and  Vauquelin,  Ibid.  xxxi.  69. 
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and  with  sulphuric  acid,  if  any  be  present.    This  pre-  _  ChaP- 1L  t 
cipitate  must  be  treated  with  a  sufficient  quantity  of 
muriatic  acid.    The  phosphat  of  barytes  is  dissolved, 
but  the  sulphat  of  barytes  remains  unaltered  *. 

No  substance  putrefies  sooner,  or  exhales  a  more  de-  Putrefec- 

1  7  tion  oi 

testable  odour,  during  its  spontaneous  decomposition,  urine, 
than  urine  ;  but  there  is  a  very  great  difference  in  this 
respect  in  different  urines.  In  some,  putrefaction  takes 
place  almost  instantaneously  as  soon  as  it  is  voided  ;  in 
others,  scarcely  any  change  appears  for  a  number  of 
days.  Fourcroy  and  Vauquelin  have  ascertained  that 
this  difference  depends  on  the  quantity  of  gelatine  and 
albumen  which  urine  contains.  When  there  is  very  little 
of  these  substances  present,  urine  remains  long  unchan- 
ged; on  the  contrary,  the  greater  the  quantity  of  gela- 
tine or  albumen,  the  sooner  does  putrefaction  commence. 
The  putrefaction  of  urine,  therefore,  is,  in  some  degree, 
the  test  of  the  health  of  the  person  who  has  voided  it  ; 
for  a  superabundance  of  gelatine  in  urine  always  indi- 
cates some  defect  in  the  power  of  digestionf. 

The  rapid  putrefaction  of  urine,  then,  is  owing  to 
the  action  of  gelatine  on  urea.  We  have  seen  already 
the  facility  with  which  that  singular  substance  is  de- 
composed, and  that  the  new  products  into  which  it  is 
changed  are,  ammonia,  carbonic  acid,  and  acetous  acid. 
Accordingly,  the  putrefaction  of  urine  is  announced  by 
an  ammoniacal  smell.  Mucilaginous  flakes- are  deposi- 
ted, consisting  of  part  of  the  gelatinous  matter.  The 
phosphoric  acid  is  saturated  with  ammonia,  and  the 
phosphat  of  lime,  in  consequence,  is  precipitated.  Am- 
monia combines  with  the  phosphat  of  magnesia,  forms 


*  Fourcroy,  Ann.  de  Cl>im.  vii.  183.  -j-  Ibid.  xxxi.  61. 
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Book  V.  with  it  a  triple  salt,  which  crystallizes  upon  the  sides 
*  of  the  vessel  in  the  form  of  white  crystals,  composed  of 

auc-sided  prisms,  terminated  by  six-sided  pyramids.  The 
uric  and  benzoic  acids  are  saturated  with  ammonia;  the 
acetous  acid,  and  the  carbonic  acid,  which  are  the  pro- 
ducts of  the  decomposition  of  the  urea,  are  .also  satu- 
rated with  ammonia  ;  and  notwithstanding  the  quantity 
which  exhales,  the  production  of  this  substance  is  so 
abundant,  that  there  Is  a  quantity  of  unsaturated  alkali 
in  the  liquid.  Putrefied  urine,  therefore,  contains  chitf- 
ly  the  following  substances,  most  of  which  are  the  pro- 
ducts of  putrefaction : 

Ammonia, 

Carbonat  of  ammonia, 

Phosphat  of  ammonia, 
t      Phosphat  of  magnesia  and  ammonia, 

Urat  of  ammonia, 

Acetite  of  ammonia, 

Benzoat  of  ammonia, 

Muriat  of  soda, 

Muriat  of  ammonia ; 
Besides  the  precipitated  gelatine  and  phosphat  of  lime*. 
Distillation  The  distillation  of  urine  produces  almost  the  same 
changes  ;  for  the  heat  of  boiling  water  is  sufficient  to 
decompose  urea,  and  to  convert  it  into  ammonia,  car- 
bonic and  acetous  acids.  Accordingly,  when  urine  is 
distilled,  there  comes  over  water,  containing  ammonia 
dissolved  in  it,  and  carbonat  of  ammonia  in  crystals  ; 
The  acids  contained  in  urine  are  saturated  with  ammo- 
nia, and  the  gelatine  and  phosphat  of  lime  precipi- 
tate f. 


*  Ann.  dc  Cbim.  xxxi.  70. 
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Such  are  the  properties  of  human  urine  in  a  state  of    Chap.  II. 
ijihealth  :  But  this  excretion  is  singularly  modified  by  Changes 
^disease  ;  and  the  changes  to  which  it  is  liable  have  at-  ^"urineby 
ttracted  the  attention  of  physicians  in  all  ages',  because  diseases, 
tthey  serve  in  some  measure  to  indicate  the  state  of  the 
{patient,  and  the  progress  of  the  disease  under  which  he 
Uabours._  The  following  are  the  most  remarkable  of 
tthe.se  changes  that  have  been  observed*. 

1.  In  inflammatory  diseases  the  urine  is  of  a  red  co- 
lour, and  peculiarly  acrid  ;  it  deposites  no  sediment  on 
^standing,  but  with  oxy-muriat  of  mercury  it  yields  a 
icopious  precipitate. 

2.  During  jaundice  the  urine  has  an  orange  yellow  co- 
Hlour,  and  communicates  the  same  tint  to  linen.  Mu- 

iriatic  acid  renders  this  urine  green,  and  thias  detects 
tthe  presence  of  a  little  bile. 

3.  About  the  end  of  inflammatory  diseases  fhe  urine 
^becomes  abundant,  and  deposites  a  copious  pink-colour- 
fed  sediment,  composed  of  rosaceous  acid,  a  little  phos- 
jphat  of  lime,  and  uric  acid. 

4.  During  hysterical  paroxysms,  the  urine  usually 
ilfflows  abundantly.    It  is  limpid  and  colourless,  contain- 

i  ing  much  salt,  but  scarcely  any  urea  or  gelatine. 

5.  At  the  commencement  of  gouty  paroxysms,  the 
mrine,  as  Bcrthollet  first  observed,  contains  no  excess  of 
]  phosphoric  acid,  and  scarcely  any  phosphat  of  lime. 
Towards  the  end  ofVthe  paroxysm  the  phosphoric  acid 
iraakes  its  appearance  again,  and  the  urine  deposites  the. 
ipink-coloured  sediment.  If  this  sediment  suddenly  dis- 
appears, a  new  fit  may  be  expected. 

6.  In  general  dropsy,  the  urine  is  loaded  with  albu- 


*  See  Cruikshank,  Phil.  M.ig.  ii,  240.  and  Fourcroy,  x.  166- 
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Book  v.  men,  and  becomes  milky,  or  even  coagulates  when  heat- 
ed,  or  at  least  when  acids  are  mixed  with  it.  In  drop^ 
sy  from  diseased  liver,  no  albumen  is  present,  the 
urine  is  scanty,  high  coloured,  and  deposites  the  pinlu 
coloured  sediment. 

7.  In  dyspepsia,  the  urine  always  yields  a  copious 
precipitate  with  tan,  and  putrefies  rapidly. 

8.  The  urine  of  rickety  patients  is  said  to  be  loaded 
with  phosphat  of  lime,  or,  according  to  others,  with 
oxalat  of  lime. 

9.  In  diabetes,  the  urine  is  sweet- tasted,  and  often 
loaded  with  saccharine  matter.  In  one  case,  the  urine 
emitted  daily  by  a  diabetic  patient,  according  to  the  ex- 
periments of  Cruikshank,  contained  29  ounces  of  sugar.; 

Urine  of         The  urine  of  other  animals  differs  considerably  from 

the  inferior     t  _ 

animals..  t"at  01  nRm.  ror  the  analyses  of  the  urine  of  quadru- 
peds hitherto  made,  we  are  chiefly  indebted  to  Rouelle 
junior.  The  following  facts  have  been  ascertained  by 
that  chemist,  and  by  the  late  experiments  of  Fourcroy 
and  Vauquelin. 

Urine  of  I.  The  urine  of  the  horse  has  a  peculiar  odour  ;  af- 
the  orse.  ^  exercise  it  is  emitted  thick  and  milky  ;  at  other 
times  it  is  transparent,  but  becomes  muddy  soon  after 
its  emission.  When  exposed  to  the  air,  its  surface  be- 
comes covered  with  a  crust  of  carbonat  of  lime.  It 
gives  a  green  colour  to  syrup  of  violets,  and  has  the 
consistence  of  mucilage.  The  substances,  found  in  it! 
by  Rouelle,  Fourcroy,  and  Vauquelin,  are, 

1 1  Carbonat  of  lime,  4.  Muriat  of  soda, 

1.  Carbonat  of  soda,  5.  Benzoat  of  soda^ 

3.  Muriat  of  potass,  6.  Urea, 
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Vhen  muriatic  acid  is  dropt  into  this  urine  concentra-  |  Chap.  II.  ^ 
ed,  benzoic  acid  precipitates. 

II.  The  urine  of  the  cow  has  a  strong  resemblance  Urine  of 

0  that  of  the  horse  ;  it  has  nearly  the  same  odour,  and  cow* 
he  same  mucilaginous  consistence.    It  tinges  syrup  of 

iolcts  green,  and  deposites  a  gelatinous  matter.  On 
tanding,  small  crystals  are  formed  on  its  surface.  It 
ontains,  according  to  Rouelle, 

1.  Carbonat  of  potass,  4.  Benzoic  acid, 

2.  Sulphat  of  potass,  5.  Urea. 

3.  Muriat  of  potass, 

III.  The  urine  of  the  camel  was  also  examined  by  Urine'of 

the  camel. 

ilouelle.  Its  odour  resembles  that  of  the  urine  of  the 
row  ;  its  colour  is  that  of  beer  ;  it  is  not  mucilaginous, 
tnd  does  not  deposite  carbonat  of  lime.  It  gives  a  green 
:olour  to  syrup  of  violets,  and  effervesces  with  acids  like 
:he  urine  of  the  horse  and  cow.  Rouelle* obtained 
Tom  it, 

1.  Carbonat  of  potass-,  3.  Muriat  of  potass, 

2.  Sulphat  of  potass,  4.  Urea. 

IV.  The  urine  of  the  rabbit  has  been  lately  analy-  Urine  of 
X,  t%  __  T,ri£  ,         ,        ...        the  rabbit. 
;ed  by  V auquelin.     When  exposed  to  the  air,  it  be- 

:omes  milky,  and  deposites  carbonat  of  lime.    It  gives 

1  green  colour  to  syrup  of  violets,  and  effervesces  with 
icids.  That  chemist  detected  in  it  the  following  sub- 
stances : 

1.  Carbonat  of  lime,  5.  Sulphat  of  lime, 

2.  Carbonat  of  magne-         6.  Muriat  of  potass, 

sia,  7.  Urea, 

3.  Carbonat  of  potass,  8.  Gelatine, 

4.  Sulphat  of  potass,  9.  Sulphur. 

V.  Vauquelin  has  also  made  some  experiments  on  Unnc  f° 

*  .  the  guinea 

the  urine  of  the  guinea  PIG  j  from  which  it  appears  that  pig. 
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Book  v.  it  resembles  the  urine  of  the  other  quadrupeds.  It  de- 
posites  carbonat  of  lime,  gives  a  green  colour  to  syrup 
of  violets,  and  contains  carbonat  and  muriat  of  potass, 
but  no  phosphat  nor  uric  acid  *. 

Thus  it  appears  that  the  urine  of  the  graminivorous 
quadrupeds  agrees  with  the  human  in  containing  urea, 
but  differs  from  it  materially  in  rjeing  destitute  of  phos- 
phoric acid,  phosphats,  and  uric  acid.  Whether  the 
urine  of  carnivorous  quadrupeds  contains  these  last  sub- 
stances has  not  been  ascertained,  but  it  is  probable  that 
it  does. 


SECT.  XVIII. 


OF  URINARY  CALCULI. 


It  is  well  known  that  concretions  not  unfrequently 
form  in  the  bladder,  or  the  other  urinary  organs,  and 
occasion  one  of  the  most  dismal  diseases  to  which  the 
human  species  is  liable. 
History        These  concretions  were  distinguished  by  the  name  of 
calculi,  from  a  supposition  that  they  are  of  a  stony  na- 
ture.   They  have  long  attracted  the  attention  of  phy- 
sicians.   Chemistry  had  no  sooner  made  its  way  into 
medicine  than  it  began  to  exercise  its  ingenuity  upon 
the  urinary  calculi ;  and  various  theories  were  given 
of  their  nature  and  origin.    According  to  Paracelsus, 
who  gave  them  the  ridiculous  name  of  duelecb,  urinary 


*  Fourcroy,  x.  181. 
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ialculi  were  composed  of  a  mucilaginous  tartar  which    Chap,  n. 
mated  in  the  blood  vessels.  The  schoolmen,  on  the  other 
mid,  considered  them  as  a  peculiar  mucilage  concocted 
ad  petrefied  by  the  heat  of  the  body.    These  opinions 
ere  ably  refuted  by  Van  Helmont  in  his  Treatise  de 
ithtasi)  which  contains  the  first  attempt  towards  an  ana- 
sis  of  urine  and  urinary  calculi ;  and,  considering  the 
:;riod  at  which  it  was  written,  is  certainly  possessed  of 
ocommon  merit*.  He  demonstrates  that  the  materials 
1  calculi  exist  in  urine  :  he  considers  them  as  compo- 
id  of  a  volatile  earthy  matter  and  the  saline  spirit  of 
jine,  which  coagulates  instantaneously  when  they  com- 
me  together  ;  but  which  are  prevented  from  combi- 

•*  Van  Helmont's  account  of  the  experiments  by  which  he  detected  the 
seurdity  of  the  prevailing  opinions  concerning  the  calculus  is  as  follows: 
Contigit  semel,  quod  cum  heroinis,  dynastarum  uxoribus,  adeoque  et 
rm  regina  ipsa,  a  tertia  post  meridiem,  usque  in  tertiam  post  mediam 
Etem,  Londirii  in  aula  Withal  conversarer.    Erant  enim  profesta  bao 
janalium  in  epiphaniis.    Micturiebam  autem,  dum  ista;  mulieres  me  se- 
m  primum  ad  regiam  deducerent ;  quare  honestatis  causa,  ad  mini- 
um horis  duodecim  lotium  detinui.    Dein  reversus  domum,  non  po- 
, ,  etiam  inspettione  accuratissima,  vel  atomum  arenx  in  lctio  meo  of- 
cdere.   Nam  timebam,  ne  supra  modum  diutius  detenta,  coctaque  fo- 
jam  granulosa.    Quare  curiosus,  minxi  per  sudarium.    At  urina  erat 
Jiuiunis  ab  omni  sabulo.    Ergo  postridie  mane,  novam  urinam  trans 
Jt:eum  minxi:  eamque  in  vitrea  matula  totidem  horis  (duodecim  scili- 
')  detinui.    Ac  tandem  vidi  palam,  adhxrentem  arenam  asquabiliter 
t>ersam,  quaquaversus  steterat  urina  :  effuso  denique  lotio,  tetigi  di- ' 
<o  arenam  istam.    Ac  propria  edoctus  expericntia,  conclusi  mecum. 
iod  quia  urina,  a  me  micturiente,  detenta  per  horas  duodecim,  non  ta- 
rn sabultlm  contineret,  nec  ipse  ejecissem  :  quodque  alias,  minore  dlei 
ttio,  sabulum  in  lotio  meo,  ambiente  mensis  Januarii,  condensatum,  at- 
: :  vitreae  conchx  affixum  fuerat.    Scivi  certo  certius,  quod  nequaquam 
1  istud  sabulum  requireretur  materia^  viscositas  :  quodque  calor  mam- 
nullatenus  efficeret  coagulationem  calculi.    Indo  dornum  progressus, 
j  jeci  a  me  doctrinam  scholarum,  ac  statim  apprehendit  me  Veritas." — 
Litb  'tasi,  cap.  ii.  §  13. 
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ning  in  health  y  people  by  the  presence  of  what  he  calls 
scoria,  which  saturates  the  salt  of  urine*.  Boyle  ex- 
tracted from  calculi,  by  distillation,  oil,  and  a  great 
quantity  of  volatile  salt.  Boerhaave  supposed  them 
compounds  of  oil  and  volatile  salts.  Slare  attempted  a 
chemical  analysis  of  themf.  Hales  extracted  from  them 
a  prodigious  quantity  of  air.  He  gave  them  the  name 
of  animal  tartar,  pointed  out  several  circumstances  in 
which  they  resemble  common  tartar,  and  made  many 
experiments  to  find  a  solvent  of  them  J.  Drs  Whytt 
and  Alston  pointed  out  alkalies  as  solvents  of  calculi.  It 
was  an  attempt  to  discover  a  more  perfect  solvent  that 
induced  Dr  Black  to  make  those  experiments  which 
terminated  in  the  discovery  of  the  nature  of  the  alka-i 
line  carbonats. 

Such  was  the  state  of  the  chemical  analysis  of  calcu- 
lus, when,  in  1776,  Scheele  published  a  Dissertation  on 
the  subject  in  the  Stockholm  Transactions  )  which  was 
succeeded  by  some  remarks  of  Mr  Bergman.  These 
illustrious  chemists  completely  removed  the  uncertainty 
which  had  hitherto  hung  over  the  subject,  and  ascer- 
tained the  nature  of  the  calculi  which  they  examined. 
Since  that  time  considerable  additional  light  has  been 
thrown  upon  the  nature  of  these  concretions  by  the  hv 
bours  of  Austin,  Walther,  Brugnatelli,  Pearson,  and/- 
above  all,  of  Fourcroy  and  Vauquelin,  who  have  lately"/ 
analysed  about  500  calculi,  and  ascertained  the  presences 
of  several  new  substances  which  had  not  been  suspected.. 
Description      Urinary  calculi  are  usually  spheroidal  or  egg-sha- 
ped ;  sometimes  they  are  polygonous,  or  resemble  « 
clustre  of  mulberries,  and  in  that  case  they  are  distitfl 


•  Dt  Uthias'i,  p.  21.       f  FJM.  Tram.  xvi.  140.        1  Vt^el.  Sl.it.  ii.  lS>i 
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-uished  by  the  epithet  moriform.  Their  size  is  various  ;     Chap.  II. 
omctimes  they  are  very  small,  and  sometimes  as  large 
1  3  a  goose-egg,  or  even  larger.    The  colour  of  some  of 
lem  is  a  deep  brown  resembling  that  of  wood.  In 
ome  cases  they  are  white,  and  not  unlike  chalk  ;  in 
thers,  of  a  dark  grey,  and  hard.    These  different  co- 
mrs  are  often  intermixed,  and  occur  of  various  degrees 
rf  intensity.    Their  surface  in  some  cases  is  polished 
!-ke  marble  ;  in  others,  rough  and  unequal ;  sometimes 
uey  are  covered  with  semitransparent  crystals.  Their 
lecific  gravity  varies  from  1.213  to  1.976*. 
The  substances  hitherto  discovered  in  urinaiy  calculi  Component 
:e  the  following  :  *>aitS* 
1.  Uric  acid, 
1.  Urat  of  ammonia, 

3.  Phosphat  of  limef, 

4.  Phosphat  of  magnesia-and- ammonia, 

5.  Oxalat  of  lime, 

6.  Silica, 

7.  An  animal  matter. 

I.  The  greater  number  of  calculi  consist  of  uric  acid.  1. Uric  acid. 
HI  those  analysed  by  Scheele  were  composed  of  it  en- 

•ely.    Of  300  calculi  analysed  by  Dr  Pearson,  scarce- 
one  was  found  which  did  not  contain  a  considerable 
nantity  of  it,  and  the  greater  number  manifestly  were 

rmed  chiefly  of  it.    Fourcroy  and  Vauquelin  found 

also  in  the  greater  number  of  the  500  calculi  which 

ey  analysed. 

The  presence  of  this  acid  may  be  easily  ascertained 


'*  Fourcroy,  x.  2113. 

Brugnatelli  found  also  phosphat  of  lime,  with  excess  of  acid,  in  cal- 
.i.— See  Ann.  it  Cb'im.  xxxii. 
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Book  V.  ^  by  the  following  properties  :  The  calculi  formed  of  it 
are  brown,  polished,  and  resemble  wood.  A  solution 
of  potass  or  soda  dissolves  it  readily,  and  it  is  precipi- 
tated hjy  the  weakest  acids.  The  precipitate  is  soluble 
in  nitric  acid  \  the  solution  is  of  a  pink  colour,  and 
tinges  the  skin  red*. 

a.  Uratof  2.  Though  both  Scheele  and  Pearson  evidently  ana- 
ammonia.      1       .       1     T  j     r  c  ,  • 

lysed  calculi  composed  ot  urat  ol  ammonia,  this  salt' 
was  first  distinguished  from  uric  acid  by  Fourcroy  and 
Vauquelin.    The  calculi  formed  of  it  resemble  those 
formed  of  uric  acid  ;  but  they  are  usually  composed  of 
thin  layers,  and  have  the  colour  of  a  dish  of  coffee.  Urat 
of  ammonia  is  easily  detected  by  its  rapid  solubility  in 
fixed  alkaline  leys,  and  the  odour  of  ammonia  which  is 
perceived  during  the  solution.  It  is  not  so  often  present 
in  urinary  calculi  as  the  last  mentioned  substance.  No 
calculus  has  hitherto  been  found  composed  of  it  alone, 
except  the  very  small  polygonal  calculi,  several  of  which 
sometimes  exist  in  the  bladder  together  f. 
3.  Phosphat      3«  Phosphat  of  lime  was  observed  in  calculi  by  Berg- 
of  lime.       man  .  afterwards  it  was  found  in  abundance  by  Fear- 
son,  and  more  lately  by  Fourcroy  and  Vauquelin.  It 
is  deposited  in  calculi  in  thin  layers  or  grains  cohering^ 
imperfectly.    It  is  white,  without  lustre,  friable,  stains' 
the  hands,  paper,  and  cloth.    It  has  very  much  the  ap- 
pearance of  chalk,  breaks  under  the  forceps,  is  insipid/' 
and  insoluble  in  water.    It  is  soluble  in  nitric,  muria- 
tic, and  acetous  acids,  and  is  again  precipitated  by  am- 
monia, fixed  alkalies,  and  oxalic  acid.   It  is  never  alone 
in  calculi.    It  is  intimately  mixed  with  a  gelatinous 
matter,  which  remains  under  the  form  of  a  membrane. 


*  Pearson  . 


I  Fourcroy,  x.  324. 
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vheu  the  earthy  part  is  dissolved  by  very  diluted  a-    Chap.  ir. 
ids  *.  '     1  ' 

4.  Phosphat  of  magnesia-and-ammonia  was  first  de-  4.  phosphat 

ected  in  calculi  by  Fourcroy  and  Vauquelin.    It  pro-  of  "iagnesia 
J  J  i  r         and  ammo- 

:ably  owes  its  existence  to  a  commencement  of  putre-  nia. 
action  of  the  urine  in  the  bladder.  It  occurs  in  white, 
emitransparent,  lamellar  layers  ;  sometimes  it  is  cry- 
ttallized  on  the  surface  of  the  calculi  in  prisms,  or  what 
re  called  dog-tooth  crystals.  Its  powder  is  of  a  bril- 
liant white.  It  has  a  weak  sweetish  taste,  it  is  some- 
rvhat  soluble  in  water,  and  very  soluble  in  acids,  though 
rreatly  diluted.  Fixed  alkalies  decompose  it,  leaving 
magnesia  undissolved. 

It  never  forms  entire  calculi.    Sometimes  it  is  mix- 
d  with  phosphat  of  lime,  and  sometimes  layers  of  it 
cover  uric  acid  or  oxalat  of  lime.    It  is  mixed  with  the 
ame  gelatinous  matter  as  phosphat  of  limef. 

5.  Oxalat  of  lime,  which  was  first  detected  by  Four-  5.  Oxalat  of 
rrcy  and  Vauquelin,  forms  one  of  the  most  unaccount- 

ble  and  formidable  ingredients  of  urinary  calculi.  It 
;  the  component  part  of  certain  calculi,  which,  from 
lie  inequality  of  their  surface,  have  got  the  name  of 
•.oviform  or  mulberry-shaped  calculi.  It  is  never  alone, 
mt  combined  with  a  peculiar  animal  matter,  and  form- 
lg  with  it  a  very  hard  calculus,  of  a  dark  grey  colour, 
ifficult  to  saw  asunder,  admitting  a  polish  like  ivory, 
xhaling,  when  sawed,  an  odour  like  that  of  semen, 
nsoluble  and  indecomposable  by  alkalies  ;  soluble  in 
cry  diluted  nitric  acid,  but  slowly,  and  with  difficulty, 
t  may  be  decomposed  by  the  carbonats  of  potass  and 
:)da.    When  burnt,  it  leaves  behind  a  quantity  of  pure 


*  Fourcroy,  Ann.  de  Cbitn.  xxxii.  218.  f  Ibid.  p.  319. 
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I  u  


lime,  amounting  to  one-third  of  its  weight,  which  may 
be  easily  recognised  by  its  properties*. 
6.  Silica.  6_  Silica  has  only  been  found  in  two  instances  by 

Fourcroy  and  Vauquelin,  though  they  have  analysed 
about  6co  calculi.  No  other  chemist  has  observed  it.  It 
must  therefore  be  considered  as  a  very  uncommon  in- 
gredient of  these  concretions.  In  the  two  instances  in 
which  it  occurred,  it  was  mixed  with  phosphat  of  limef. 
The  two  calculi  containing  it  were  moriform,  but  of  a 
lighter  colour  than  usual,  extremely  hard,  and  difficult 
to  saw  or  reduce  to  powder.  The  presence  of  silica 
may  be  easily  detected  by  its  fusibility  into  glass  with' 
fixed  alkalies,  and  its  other  well  known  properties, 
matter  7'        calculi  contain  a  peculiar  animal  matter,  as  is 

evident  from  their  blackening,  and  exhaling  an  ammo- 
niacal  odour,  when  strongly  heated.  This  matter  ap- 
/  pears  to  compose  the  cement  which  binds  the  different 
particles  of  the  calculus  together,  and  in  all  probability 
it  is  the  cause  which  influences  its  formation.  It  is  dif- 
ferent in  different  calculi.  In  those  composed  of  uric 
acid  or  urat  of  ammonia,  it  seems  to  be  an  albuminous 
substance  mixed  with  urea.  The  earthy  phosphats  are 
contained  between  the  layers  of  a  membranous  or  cel- 
lular matter,  composed  most  probably  of  coagulated  al- 
bumen or  gelatine.  The  oxalat  of  lime  and  silica  have 
for  their  bases  a  membranous  matter  formed  of  layers, 
each  of  which  is  strong  and  dense,  and  seemingly  com- 
posed of  coagulated  albumen  p 

Such  are  the  component  parts  of  urinary  calculi ;  but 
as  these  substances  often  occur  mixed  togetherjn  various 


*  Fourcroy,  /Inn.  dc  Cl'im,  xxxii.  220. 
\  Fourcroy,  s.  253. 


t  Ibid.  p.  221. 
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t-ays,  it  is  a  point  of  some  consequence  to  be  able  to  t  ChaP- Ir- 1 
;certain  the  component  parts  of  the  different  calculi 
om  their  appearance,  and  to  know  what  substances 
dually  associate  together  ;  as  this  knowledge  may  lead 
3reafter  to  the  true  theory  of  their  formation,  and 
uis  perhaps  enable  us  to  prevent  that  most  dreadful  of 
1.1  diseases.  Fourcroy  and  Vauquelin,  after  an  exami- 
ition  of  more  than  6oc  calculi,  have  divided  them 
.to  three  genera  and  twelve  species.  The  following 
a  view  of  their  arrangement. 

Genus  I.    Calculi  composed  of  one  ingredient.  Arrange- 
ment of  the 

Sp.  i.    Uric  acid.  calcuIi- 
Sp.  2.    Urat  of  ammonia. 
Sp.  3.    Oxalat  of  lime. 

Genus  II.    Calculi  composed  of  two  ingredients. 

Sp.  1.  Uric  acid  and  the  phosphats  in  layers. 

Sp.  2.  Ditto  mixed  together. 

Sp.  3.  Urat  of  ammonia  and  the  phosphats  in  layers. 

Sp.  4.  Ditto  mixed  together. 

Sp.  5.  The  phosphats  mixed  or  in  layers. 

Sp.  6.  Oxalat  of  lime  and  uric  acid  in  layers. 

Sp.  7.  Oxalat  of  lime  and  the  phosphats  in  layers. 

Genus  III.     Calculi  containing  more  than  three  in- 
gredients. 

Sp.  1.  Uric  acid  or  urat  of  ammonia,  the  phosphats, 
id  oxalat  of  lime. 

Sp.  2.  Uric  acid,  urat  of  ammonia,  the  phosphats, 
lica. 

Let  us  take  a  view  of  each  of  these  species. 

Sp.  1.    Uric  acid.    Colour  that  of  wood,  various  Description 

tj.  r  of  the 

*  *  4  species. 
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shades  of  yellow  or  red.  Texture  laminar  and  radiated, 
compact  and  line.  Specific  gravity  from  1.5  to  1.786; 
sometimes  so  low  as  1.276.  Surface  usually  smooth 
and  polished.  Completely  soluble  in  fixed  alkaline  leys, 
without  emitting  any  odour  of  ammonia.  This  species 
is  the  most  common.  One  fourth  of  the  600  calculi 
examined  by  Fourcroy  and  Vauquelin  belonged  to  it. 

Sp.  2.  Urat  of  ammonia.  Colour  brownish  white. 
Texture  laminar,  lamina?  easily  separated  from  each 
other.  Specific  gravity  from  1.225  t0  J-72°-  Surface- 
often  crystallized.  Soluble  in  hot  water,  especially  when 
reduced  to  powder.  Soluble  in  fixed  alkalies  while  am- 
monia is  evolved.   This  species  is  uncommon. 

Sp.  3.  Oxalat  of  lime.  Colour  soot  brown.  Tex- 
ture dense  and  hard  resembling  ivory.  Surface  unequal, 
and  full  either  of  pointed  or  rounded  protuberances. 
Hence  the  epithet  moriform,  by  which  the  calculi  of 
this  species  are  distinguished.  Specific  gravity  from 
1.428  to  1.976.  When  sawn,  exhales  the  odour  of 
semen.  When  calcined,  leaves  a  residuum  of  carbonat 
of  lime.  Insoluble  in  alkalies  ;  soluble  with  difficulty 
in  acids.    This  species  occurs  frequently. 

Sp.  4.  Uric  acid  and  the  phosphats  in  layers.  Sur- 
face white,  like  chalk,  and  friable  or  sparry,  and  semi- 
transparent,  according  as  the  outermost  coat  is  phos- 
phat  of  lime  or  of  magnesia.  Often  large.  When  cut, 
they  present  a  nucleus  of  uric  acid.  Sometimes  this 
nucleus  is  covered  with  alternate  layers  of  the  two 
phosphats.  Specific  gravity  very  variable.  This  species 
is  not  uncommon.  About  of  the  calculi  examined 
by  Fourcroy  and  Vauquelin  belonged  to  it. 

Sp.  5.  Uric  acid  ana  the  phosphats  mixed  together. 
This  species  varies  in  its  appearance.    Sometimes  the 
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omponent  parts  alternate  in  visible  layers,  at  others  <  ChaP- 
\cy  are  too  thin  to  be  perceived  by  the  eye,  and  can 
nly  be  ascertained  by  analysis.    Specific  gravity  from 

..213101.739.  This  species  is  not  uncommon.  About 

is  of  the  calculi  analysed  by  Fourcroy  and  Vauquelin 

.elonged  to  it. 

.  Sp.  6.  Urat  of  ammonia  and  the  phosphats  in  layers. 
This  species  resembles  the  fourth  in  its  appearance, 
.ut  its  nucleus  instead  of  uric  acid  is  composed  of  urat 
if  ammonia.  It  is  not  very  common,  and  the  calculi 
elonging  to  it  are  smaller  than  those  of  the  fourth 
species. 

Sp.  7.    Urat  of  ammonia  and  the  phosphats  mixed. 

'his  species  resembles  the  fifth,  but  may  be  distinguish- 
Jd  by  a  colour  less  yellow,  and  by  the  ammonia  emitted 

'hen  the  calculi  are  treated  with  potass.    The  calculi 
telonging  to  it  are  small  and  rather  uncommon. 
Sp.  8.  The  two  phosphats  mixed  or  in  layers.  Colour 

hite  like  chalk.  Texture  laminar ;  friable,  easily  se- 
parated, and  staining  the  surface  of  other  bodies  like 
Ihalk  ;  often  mixed  with  thin  layers  of  phosphat  of 
nagnesia-and-ammonia,  sparry  and  semitransparent. 
specific  gravity  from  1.138  to  1.471.  Soluble  in  acids, 

isoluble  in  alkalies.  About  X'T  of  the  calculi  examined 
«r  Fourcroy  and  Vauquelin  belonged  to  this  species. 
Sp.  9.     Oxalat  of  lime  and  uric  acid  in  layers.  The 

alculi  belonging  to  this  species  have  a  nucleus"  of  oxalat 
:f  lime,  covered  with  a  layer  more  or  less  thick  of  uric 

cid,  or  they  consist  of  a  small  calculus  of  the  third 
.pedes,  covered  with  a  layer  belonging  to  the  first 

pecies.  They  are  easily  distinguished  when  sawn  in 
vwo.  About  -j~  of  the  600  calculi  analysed  by  Four- 
rroy  and  Vauquelin  belonged  to  this  species. 
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Sp.  io.  Oxalat  of  lime  and  the  phosphats  in  layers. 
The  calculi  belonging  to  this  species  have  a  nucleus  of 
oxalat  of  lime  covered  with  a  coat  of  the  phosphats. 
Externally,  therefore,  they  are  the  same  with  the  fourth 
and  eighth  species ;  while  the  internal  nucleus  belongs 
to  the  third  species.  They  are  easily  distinguished  there- 
fore when  sawn  in  two.  The  calculi  of  this  species  are 
the  most  numerous  of  all  next  to  those  of  the  first 
species.  About  of  those  examined  by  Fourcroy  and 
Vauquelin  belonged  to  it. 

Sp.  II.  Uric  acid  or  urat  of  ammonia,  the  phosphats, 
oxalat  of  lime.  The  calculi  of  this  species  have  a  nu- 
cleus of  oxalat  of  lime,  over  this  a  coat  of  uric  acid  or 
urat  of  ammonia,  or  of  a  mixture  of  both ;  while  the 
outermost  coat  is  composed  of  the  phosphats. 

Sp.  12.  Uric  acid,  urat  of  ammonia,  the  phosphats, 
silica.  The  calculi  of  this  species  bear  a  considerable 
resemblance  to  those  of  the  last.  The  nucleus  is  com- 
posed of  silica  and  phosphat  of  lime,  then  there  is  a 
root  of  uric  acid  and  urat  of  ammonia,  and  over  all  a 
coat  of  the  phosphats.  Only  two  calculi  of  this  kind 
have  been  observed. 

From  the  preceding  account  of  the  different  urinary 
calculi,  it  appears  that  all  their  component  parts  exist 
in  urine,  except  oxalat  of  lime  and  silica.  But  little 
satisfactory  is  known  concerning  the  manner  in  which 
these  concretions  are  formed,  or  of  the  cause  of  their 
formation.  Whenever  any  solid  body  makes  its  way 
into<the  bladder,  it  has  been  observed  that  it  is  soon  en- 
crusted with  a  coat  of  phosphat  of  lime  ;  and  this  first 
nucleus  soon  occasions  a  calculus.  Concretions  of  uric 
acid  seldom  or  never  form  in  the  bladder,  unless  a  pri- 
mitive nucleus  has  originated  in  the  kidneys.  The  gravel 
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-hich  13  so  frequently  emitted  by  persons  threatened    Chap.  n. 
ith  the  stone,  consists  always  of  this  acid.    As  oxalic 
:id  does  not  exist  in  urine,  some  morbid  change  must 
i.ke  place  in  the  urine  when  calculi  composed  of  oxalat 
lime  are  deposited.    Brugnatelli's  discovery  of  the 
st.mtaneous  conversion  of  uric  acid  into  oxalic  acid 
r  oxy-muriatic  acid,  which  has  been  confirmed  by  the 
:periments  of  Fourcroy  and  Vauquelin,  throws  consi- 
jrable  light  upon  the  formation  of  oxalic  acid  in  urine, 
u  shewing  us  that  uric  acid  is  probably  the  basis  of  it; 
it  in  what  manner  the  change  is  actually  produced,  it 
not  so  easy  to  say. 

As  our  ignorance  of  the  cause  of  urinary  concretions  Attempts 

.  .         to  discover 

;its  it  out  01  our  power  to  prevent  their  formation,  a  solvent  of 

•id  ingenuity  of  physicians  has  been  employed  in  at- 

rmpting  to  discover  substances  capable  of  dissolving 

«em  after  they  have  formed,  and  thus  to  relieve  the 

jiman  race  from  one  of  the  most  dreadful  diseases  to 

hich  it  is  subject.    These  attempts  must  have  been 

uin,  or  their  success  must  have  entirely  depended  up- 

1  chance,  till  the  properties  of  the  concretions  them- 

ilves  had  been  discovered,  and  the  substances  capable 

'  dissolving  them  ascertained  by  experiment.    I  shall 

erefore  pass  over  the  numerous  lithanthriptics  which 

ve  been  recommended  in  all  ages,  and  satisfy  myself 

iith  giving  an  account  of  the  experiments  mide  by 

uurcroy  and  Vauquelin  to  dissolve  stones  by  injections 

jrough  the  urethra,  made  after  their  analysis  of  the 

rinary  calculi. 

The  component  parts  of  urinary  calculi,  as  far  as  sol- 
tnts  are  concerned,  may  be  reduced  under  three  heads : 
Uric  acid  and  urat  of  ammonia ;  2.  The  phosphats  ; 
Oxalat  of  lime.  > 
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Book  V. 
i  v  ' 

Solvents  of 
the  diffe- 
rent com- 
ponent 
parts. 


Method  of 

applying 

them. 


1.  A  solution  of  pure  potass  and  soda,  so  weak  that 
it  may  be  kept  in  the  mouth,  and  even  swallowed  with* 
out  pain,  soon  dissolves  calculi  composed  of  uric  acid, 
or  urat  of  ammonia,  provided  they  be  kept  plunged 
in  it. 

2.  The  phosphats  are  very  quickly  dissolved  by  ni- 
tric or  muriatic  acid,  so  weak  that  it  may  be  swallowed 
without  inconvenience,  and  possessed  of  no  greater 
acridness  than  urine  itself. 

3.  Oxalat  of  lime  is  much  more  difficult  of  solution 
than  the  preceding  substances.  Calculi  composed  of  it 
are  slowly  dissolved  by  nitric  acid,  or  by  carbonat  of' 
potass  or  soda,  weak  enough  not  to  irritate  the  bladder: 
but  the  action  of  these  substances  is  slow,  and  scarcely 
complete. 

These  solvents,  injected  into  the  bladder  repeatedly, 
and  retained  in  it  as  long  as  the  patient  can  bear  their 
action  without  inconvenience,  ought  to  act  upon  the 
stone,  and  gradually  dissolve  it.  The  difficulty,  how- 
ever, is  to  determine  the  composition  of  the  calculus  to 
be  acted  upon,  in  order  to  know  which  of  the  solvents 
to  employ.  But  as  no  method  of  deciding  this  point 
with  certainty  is  at  present  known,  we  must  try  some 
one  of  the  dissolvents  for  once  or  twice,  and  examine  it  af- 
ter it  has  beeu  thrown  out  of  the  bladder.  Let  us  begin, 
for  instance,  with  injecting  a  weak  solution  of  potass ; 
and  after  it  has  remained  in  the  bladder  half  an  hour,  or 
longer  if  the  patient  can  bear  it,  let  the  liquid,  as  soon 
as  passed,  be  filtered  and  mixed  with  a  little  muriatic 
acid  ;  if  any  uric  acid  has  been  dissolved,  a  white  solu- 
tion will  make  its  appearance.  This  precipitate  is  a 
proof  that  the  calculus  is  composed  of  uric  acid.  If  it 
does  not  appear,  after  persevering  in  the  alkaline  solu- 
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>n  for  some  days,  then  there  is  reason  to  expect  the  Chap.ll. 
esence  of  the  phosphats  ;  of  course  a  weak  muriatic 
id  solution  should  be  injected.  After  this  solution  is 
litted,  let  it  be  mixed  with  ammonia,  and  the  phos- 
tat  of  lime  will  precipitate,  if  the  calculus  be  compo- 
rt of  it.  If  neither  of  these  solutions  take  up  any 
ing,  and  if  the  symptoms  are  not  alleviated,  we  must 
»ve  recourse  to  the  action  of  nitric  acid,  on  the  sup- 
isition  that  the  calculus  is  composed  of  oxalat  of  lime. 
Ihese  different  solutions  must  be  persisted  in,  and  va- 
eed  occasionally  as  they  lose  their  efficacy,  in  order  to 
ssolve  the  different  coats  of  the  calculus.  Such  are 
lie  methods  pointed  out  by  Fourcroy  and  Vauquelin. 
:  is  scarcely  necessary  to  observe,  that  the  bladder 
lould  be  evacuated  of  urine  previous  to  the  injections; 
id  that  the  injections  should  be  previously  heated  to 
le  temperature  of  the  body. 

The  calculi  found  in  the  bladder  of  other  animals  Calculi  of 
live  not  been  examined  with  the  same  care.    Some  of  ^im"^101 
lem,  however,  have  been  subjected  to  an  accurate  ana- 
rsis.  No  uric  acid  has  ever  been  found  in  any  of  them, 
ourcroy  found  a  calculus  extracted  from  the  kidney  of 
horse  composed  of  three  parts  of  carbonat  of  lime, 
nd  one  part  phosphat  of  lime  *.    Dr  Pearson  exami- 
:=A  a  urinary  calculus  of  a  horse  ;  it  was  composed  of 
nosphat  of  lime  and  phosphat  of  ammonia.  Brugna- 
•lli  found  a  calculus  extracted  from  the  bladder  of  a 
»w,  which  was  exceedingly  hard,  composed  of  pure 
irbonat  of  lime,  inclosing  a  soft  nucleus  of  a  fetid  and 
rrinous  odour  f.    Bartholdi  examined  another  calculus 
f  a  pig,  the  specific  gravity  of  which  was  1.9300.  It 


*  Ann.  de  Cb  'tm.  xvi.  05. 
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Book  V.  consisted  of  phosphat  of  lime*.  Dr  Pearson  found  a 
calculus  taken  from  the  bladder  of  a  dog  composed  06 
phosphat  of  lime,  phosphat  of  ammonia,  and  an  animal 
matter.  He  found  the  urinary  calculus  of  a  rabbit,  of 
the  specific  gravity  2,  composed  of  carbonat  of  lime  and 
some  animal  matter  f. 
ComposI-  The  composition  of  the  different  animal  concretions 
hitherto  examined  may  be  seen  m  the  following  Table: 

ft.  Carbonat  of  lime  and  phosphat  of  lime  X- 
Horse.  <  2.  Phosph.  of  lime  and  phosph.  of  ammonia §. 
{  3.  Carbonat  of  lime  and  animal  matter 
f  1 .  Carbon,  of  lime  and  an  animal  nucleus  ||. 
(_  2.  Phosphat  of  lime 
Dog.      Phosphat  of  lime,  and  of  ammonia,  and  animal 
matter 

Rahbit.  Carbonat  of  lime  and  animal  m?.tter§. 
Ox.        Carbonat  of  lime,  gelatinous  matter  ]:. 


Thus  I  have  given  an  account  of  all  those  secretions 
which  have  been  attentively  examined  by  chemists.  The 
remainder  have  been  hitherto  neglected  ;  partly  owing 
to  the  difficulty  of  procuring  them,  and  partly  on  ac- 
count of  the  multiplicity  of  other  objects  which  occu- 
pied the  attention  of  chemical  philosophers.  It  re-| 
mains  for  us  now  to  examine  by  what  processes  these 
different  secretions  are  formed,  how  the  constant  waste 
of  living  bodies  is  repaired,  and  how  the  organs  them- 
selves are  nourished  and  preserved.  This  shall  form 
the  subject  of  the  following  Chapter. 


*  Ann.  Jc  Cb'm.  XXxii.  185.  f  Fbi!.  Mag.  ii.  134. 

}  Fourci  oy.  J  Pearson.  ||  Erugnatelli  and  Fourcroy. 
\  Bartholdi. 
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CHAP.  III. 

OF  THE  FUNCTIONS  OF  ANIMALS. 


The  ntention  of  the  two  last  Chapters  was  to  exhi- 

it  a  view  of  the  different  substances  which  enter  into 

;he  composition  of  animals,  as  far  as  the  present  limi- 

eed  state  of  our  knowledge  puts  it  in  our  power.  But 

were  our  enquiries  concerning  animals  confined  to  the 

mere  ingredients  of  which  their  bodies  are  composed, 

:ven  supposing  the  analysis  as  complete  as  possible,  our 

knowledge  of  the  nature  and  properties  of  animals  would 

»e  imperfect  indeed. 

How  are  these  substances  arranged  ?   How  are  they 

produced  ?  What  purposes  do  they  serve  ?  What  are 

.he  distinguishing  properties  of  animals,  and  the  laws 

jjy  which  they  are  regulated  ? 

Animals  resemble  vegetables  in  the  ccmplexness  of  Animals're- 
,    .  t  -i      i  i  •  semble  ve- 

..neir  structure.    Like  them,  they  are  machines  nicely  gctablcs. 

adapted  for  particular  purposes,  constituting  one  whole, 
ind  continually  performing  an  infinite  number  of  the 
most  delicate  processes.  But  neither  an  account  of  the 
structure  of  animals,  nor  of  the  properties  which  distin- 
guish them  from  other  beings,  will  be  expected  here : 
.These  topics  belong  entirely  to  the  anatomist  and  phy- 
siologist. 1  mean  in  the  present  Chapter  to  take  a  view 
of  those  processes  only  that  are  concerned  in  the  pro- 
duction of  animal  substances,  which  alqne  properly  be- 
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Book  V.  ]0ng  to  Chemistry.  The  other  functions  are  regulated 
by  laws  of  a  very  difFerent  nature,  which  have  no  re- 
semblance or  analogy  to  the  laws  of  Chemistry  or  Me- 
chanics. 


SECT.  I. 

OF  DIGESTION. 

Foodneceu-  Evert  body  knows  that  animals  require  food,  and 
that  they  die  sooner  or  later  if  food  be  withheld  from 
them.  There  is  indeed  a  very  great  difference  in  difFe- 
rent animals,  with  regard  to  the  quantity  of  food  which 
they  require,  and  the  time  which  they  can  pass  without 
it.  In  general,  this  difference  depends  upon  the  activi- 
ty of  the  animal.  Those  which  are  most  active  require 
most,  and  those  which  move  least  require  least  food.. 
The  cause  of  this  is  also  well  known  ;  the  bodies  of 
animals  do  not  remain  stationary,  they  are  constantly 
wasting  ;  and  the  waste  is  generally  proportional  to  the 
activity  of  the  animal.  It  is  evident,  then,  that  the 
body  must  receive,  from  time  to  time,  new  supplies,  in 
place  of  what  has  been  carried  off.  Hence  the  use  of 
food,  which  answers  this  purpose. 

2.  We  are  much  better  acquainted  with  the  food  of 
Its  nature.  ".*  ''. 

animals  than  of  vegetables.  It  consists  of  almost  all  the 

animal  and  vegetable  substances  which  have  been  treat- 
ed of  in  this  and  the  preceding  Book :  for  there  are  but 
very  few  of  them  which  some  animal  or  other  does  not 
use  as  food.  Man  uses  as  food  chiefly  the  muscles  of 
animals,  the  seed  of  certain  grasses,  and  a  variety  of. 
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vegetable  fruits.  Almost  all  the  inferior  animals  have  Chap.  III. 
►articular  substances  on  which  they  feed  exclusively. 
Some  of  them  feed  on  animals,  others  on  vegetables. 
.Ian  has  a  greater  range  ;  he  can  feed  on  a  very  great 
, umber  of  substances.  To  enumerate  these  substances 
would  be  useless  ;  as  we  are  not  able  to  point  out  with 
accuracy  what  it  is  which  renders  one  substance  more 
iourishing  than  another. 

Many  substances  do  not  serve  as  nourishment  at  all  5, 
nd  not  a  few,  instead  of  nourishing,  destroy  life.  These 
iast  are  called  poisons.  Some  poisons  act  chemically,  by 
ecomposing  the  animal  body.    The  action  of  others  is 
ot  so  well  understood. 

3.  The  food  is  introduced  into  the  body  by  the  Converted 
mouth,  and  almost  all  animals  reduce  it  to  a  kind  of  i^the^sto- 
nulpy  consistence.  In  man  and  many  other  animals  this  mach" 

>3  done  in  the  mouth  by  means  of  teeth,  and  the  saliva 
with  which  it  is  there  mixed ;  but  many  other  animals 
rind  their  food  in  a  different  manner.    After  the  food 
las  been  thus  ground,  it  is  introduced  into  the  stomach, 
where  it  is  subjected  to  new  changes.    The  stomach  is 
strong  soft  bag,  of  different  forms  in  different  ani- 
1  rials  :  in  man  it  has  some  resemblance  to  the  bag  of  a 
sag-pipe.    Tn  this  organ  the  food  is  converted  into  a 
oft  pap,  which  has  no  resemblance  to  the  food  when 
rst  introduced.    This  pap  has  been  called  chyme. 

4.  Since  chyme  possesses  new  properties,  it  is  evident 
hat  the  food  has  undergone  some  changes  in  the  sto- 

ach,  and  that  the  ingredients  of  which  it  wae  com- 
posed have  entered  into  new  combinations.  Now  in 
what  manner  have  these  changes  been  produced?  This  change 

•       °  (  ascribed  to 

At  first  they  were  ascribed  to  the  mechanical  action  the  mecha- 
nical action 
of  the  sto- 


isf  the  stomach.  The  food,  it  was  said,  was  still  farther 
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^°°k  v-    triturated  in  that  organ ;  and  being  long  agitated  back* 
wards  and  forwards  in  it,  was  at  last  reduced  to  a  pulp, 
But  this  opinion,  upon  examination,  was  found  not  to 
be  true.    The  experiments  of  Stevens,  Reaumur,  and 
Spailanzani,  demonstrated,  that  the  formation  of  chyme 
is  not  owing  to  trituration ;  for  on  inclosing  different 
kinds  of  food  in  metallic  tubes  and  balls  full  of  holes, 
in  such  a  manner  as  to  screen  them  from  the  mechanu 
cal  action  of  the  stomach,  they  found,  that  these  sub- 
stances, after  having  remained  a  sufficient  time  in  the 
Stomach,  were  converted  into  chyme,  just  as  if  they  had 
not  been  inclosed  in  such  tubes.    Indeed  the  opinioa 
was  untenable,  even  independent  of  these  decisive  ex- 
periments, the  moment  it  was  perceived  that  chyme  dif- 
fered entirely  from  the  food  which  had  been  taken:  that 
is  to  say,  that  if  the  same  food  were  triturated  mecha- 
nically out  of  the  body,  and  reduced  to  pap  of  precisely 
the  same  consistence  with  chyme,  it  would  not  possess 
the  same  properties  with  chyme;  for  whenever  this  fact 
was  known,  it  could  not  but  be  evident  that  the  food 
had  undergone  changes  in  its  composition. 
Ascribed  to       The  change  of  food  into  chyme  therefore  was  ascri- 
bed by  many  to  fermentation.    This  opinion  is  indeed 
very  ancient,  and  it  has  had  many  zealous  supporters 
among  the  moderns.   When  the  word  fermentation  waM 
applied  to  the  change  produced  on  the  food  in  the  sto- 
mach, the  nature  of  the  process  called  fermentation  was 
altogether  unknown.    The  appearances,  indeed,  which 
take  place  during  that  process  had  been  described,  and 
the  progress  and  the  result  of  it  were  known ;  but  no 
attempt  had  been  made  to  explain  the  cause  of  fermen- 
tation, or  to  trace  the  changes  which  take  place  during 
its  continuance.    All  that  could  be  meant,  then,  by 


fermenta 
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crying  that  the  conversion  of  food  into  chyme  in  the  Chap.IIl.^ 
tomach  is  owing  to  fermentation,  was  merely,  that  the 
nknown  cause  which  acted  during  the  conversion  of 
egetable  substances  into  wine  or  acid,  or  during  their 
utrefaction,  acted  also  during  the  conversion  of  the 
ood  into  chyme,  and  that  the  result  in  both  cases  was 
recisely  the  same.  Accordingly,  the  advocates  for 
his  opinion  attempted  to  prove,  that  air  was  constantly 
enerated  in  the  stomach,  and  that  an  acid  was  con- 
tantly  produced :  for  it  was  the  vinous  and  acetous 
.^mentations  which  were  assigned  by  the  greater  num  - 
cer  of  physiologists  as  the  cause  of  the  formation  of 
hyme.  Some  indeed  attempted  to  prove  that  it  was 
rocluced  by  the  putrefactive  fermentation;  but  their 
umber  was  inconsiderable,  compared  with  those  who 
idopted  the  other  opinion. 

Our  ideas  respecting  fermentation  are  now  somewhat 
lore  precise.    It  signifies  a  slow  decomposition,  which 
?ikes  place  when  certain  animal  or  vegetable  substances 
rre  mixed  together  at  a  given  temperature  ;  and  the 
consequent  production  of  particular  compounds.  If 
l'aerefore  the  conversion  of  the  food  into  chyme  be  ow- 
ng  to  fermentation,  it  is  evident  that  it  is  totally  inde- 
tendent  of  the  stomach  any  farther  than  as  it  supplies  ' 
iimperature  ;  and  that  the  food  would  be  converted  in- 
co  chyme  exactly  in  the  same  manner,  it  it  were  redu- 
id  to  the  same  consistence,  and  placed  in  the  s-ame  tem- 
erature  out  of  the  body.    But  this  is  by  no  means  the  But  with- 
se  ;  substances  are  reduced  to  the  state  of  chyme  in  a  out  reason* 
ihort  time  in  the  stomach,  which  would  remain  unalter- 
dd  for  weeks  in  the  same  temperature  out  of  the  body. 
This  is  the  case  with  bones ;  which  the  experiments  of 
Stevens  and  Spallanzani  have  shewn  to  be  soon  digested 

G  g  2 


468  ANIMAL  FUNCTIONS. 


t  Book  V.    jn  thc  stomach  of  the  dog.    Further,  if  the  conversion 
of  food  into  chyme  were  owing  to  fermentation,  it  ought 
to  go  on  equally  well  in  the  stomach  and  oesophagum 
Now,  itsvas  ohserved  long  ago  by  Ray  and  Boyle,  that*! 
when  voracious  fish  had  swallowed  animals  too  large  to;] 
(      be  contained  in  the  stomach,  that  part  only  which  was 
in  the  stomach  was  converted  into  chyme,  while  what 
was  in  the  oesophagus  remained  entire  ;  and  this  has 
been  fully  confirmed  by  subsequent  observations. 

Still  farther,  if  the  conversion  were  owing  to  fermen- 
tation, it  ought  always  to  take  place  equally  well,  pro- 
vided the  temperature  be  the  same,  whether  the  sto- 
mach be  in  a  healthy  state  or  not.  But  it  is  well  known, 
that  this  is  not  the  case.    The  formation  of  chyme  den 
pends  very  much  on  the  state  of  the  stomach.  Whea; 
that  organ  is  diseased,  digestion  is  constantly  ill  perform-; 
ed.  In  these  cases,  indeed,  fermentation  sometimes  ap-j 
pears,  and  produces  flatulence,  acid  eructations,  &c.i 
which  are  the  well-known  symptoms  of  indigestion. 
These,  facts  have  been  long  known  ;  they  are  totally 
incompatible  with  the  supposition,  that  the  formation" 
of  chyme  is  owing  to  fermentation.    Accordingly  that 
opinion  has  been  for  some  time  abandoned,  by  all  those 
at  least  who  have  taken  the  trouble  to  examine  the 
subject. 

Owing  to  The  formation  of  chyme,  then,  is  owing  to  the  sto- 
the  action     rnach;  and  it  has  been  concluded,  from  the  experiments 

of  the  gas-  •  »b  n 

trie  juice.     of  Stevens.  Reaumur,  bpallanzam,  Scopoli,  Brugna- 
telli,  Carimini,  &c.  that  its  formation  is  brought  about 
by  the  action  of  a  particular  liquid  secreted  by  the  sto-' 
mach,  and  for  that  reason  called  gastric  juice. 

That  it  is  owing  to  the  action  of  a  liquid  is  evi- 
dent j  because,  if  pieces  of  food  be  inclosed  in  close 
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ioubes,  they  pass  through  the  stomach  without  any  far-    Chap. ill. 
i:her  alteration  than  would  have  taken  place  at  the 
lame  temperature  out  of  the  body;  but  if  the  tubes  be 

•erforated  with  small  holes,  the  food  is  converted  into 

l&yme. 

This  liquid  does  not  act  indiscriminately  upon  all  Nature  of 
u  *  f      ■  r  r  1  r          the  gastric 

uubstances :  tor  it  grains  01  corn  be  put  into  a  periora-  juice. 

sd  tube,  and  a  granivorous  bird  be  made  to  swallow  it, 
ihe  corn  will  remain  the  usual  time  in  the  stomach  with- 
> 'lit  alteration;  whereas  if  the  husk  of  the  grain  be  pre- 
viously taken  off",  the  whole  of  it  will  be  converted  into 
Ihyme.    It  is  well  known,  too,  that  many  substances 
ass  unaltered  through  the  intestines  of  animals,  and 
onsequently  are  not  acted  upon  by  the  gastric  juice. 
"Phis  is  the  case  frequently  with-  grains  of  oats  when 
ney  have  been  swallowed  by  horses  entire  with  their 
msks  on.    This  is  the  case  also  with  the  seeds  of  ap- 
les,  &c.  when  swallowed  entire  by  man  ;  yet  these 
tery  substances,  if  they  have  been  previousy  ground  suf- 
iciently  by  the  teeth,  are  digested.    It  appears,  there- 
.jre,  that  it  is  chiefly  the  husk  or  outside  of  these  sub- 
uances  which  resists  the  action  of  the  gastric  juice.  We 
e;e  also,  that  trituration  greatly  facilitates  the  conver- 
ion  of  food  into  chyme. 

The  gastric  juice  is  not  the  same  in  all  animals;  for 
lany  animals  cannot*  digest  the  food  on-  which  others 
•ve.  The  conium  maculatum  (hemlock),  for  instance, 
i  a  poison  to  man  instead  of  food,  yet  the  goat  often 
:;eds  upon  it.  Many  animals,  as  sheep,  live  wholly  up- 
n  vegetables;  and  if  they  are  made  to  feed  on  animals, 
ieir  stomachs  will  not  digest  them  :  others,  again,  as 
he  eagle,  feed  wholly  on  animal  substances,  and  cannot 
igest  vegetables. 
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.  Bo°k  v' ,  The  gastric  juice  does  not  continue  always  of  the 
same  nature,  even  in  the  same  animal :  it  changes  gra- 
dually, according  to  circumstances.  Graminivorous  ani. 
mals  may  be  brought  to  live  on  animal  food  ;  and  after 
they  have  been  accustomed  to  this  for  some  time,  their 
stomachs  become  incapable  of  digesting  vegetables.  On 
the  other  hand,  those  animals  which  naturally  digest 
nothing  but  animal  food  may  be  brought  to  digest  ve- 
getables. 

5.  What  is  the  nature  of  the  gastric  juice  which  pos- 
sesses these  singular  properties?  It  is  evidently  different 
in  different  animals;  but  it  is  a  ^ery  difficult  task,  if  not 
an  impossible  one,  to  obtain  it  in  a  state  of  purity. 
Methods  of  Various  attempts  have  indeed  been  made  by  very  inge- 

procuring        .  .  .  .  , 

it.  nious  philosophers  to  procure  it ;  but  their  analysis  of 

it  is  sufficient  to  shew  us,  that  they  have  never  obtained 
it  in  a  state  of  purity. 

The  methods  which  have  been  used  to  procure  gas- 
tric juice  zxttjirst,  to  kill  the  animal  whose  gastric  juice 
is  to  be  examined  after  it  has  fasted  for  some  time.  By 
this  method  Spallanzani  collected  37  spoonfuls  from 
the  two  first  stomachs  of  a  sheep.  It  was  of  a  greeil 
colour,  undoubtedly  owing  to  the  grass  which  the  ani- 
mal had  eaten.  He  found  also  half  a  spoonful  in  the 
stomach  of  some  young  crows  which  he  killed  before 
they  had  left  their  nest. 

Small  tubes  of  metal  pierced  with  holes,  and  con- 
taining a  dry  sponge,  have  been  swallowed  by  animals ; 
and  when  vomited  up,  the  liquid  imbibed  by  the  sponge 
is  squeezed  out.  By  this  method,  Spallanzani  collect^ 
ed  481  grains  of  gastric  juice  from  the  stomachs  of  five 
crows. 

A  third  method  consists  in  exciting  vomiting  in  the 
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norning,  when  the  stomach  is  without  food.  Spallan-  Chap.  m. 
:ani  tried  this  method  twice  upon'  himself,  and  collect- 
ed one  of  the  times  1  oz.  32  gr.  of  liquid  ;  but  the 
ain  was  so  great,  that  he  did  not  think  proper  to  try 
he  experiment  a  third  time.  Mr  Gosse,  however,  who 
;ould  excite  vomiting  whenever  he  thought  proper,  by- 
wallowing  air,  has  employed  that  method  to  collect 
fastric  juice. 

,  Spallanzani  has  observed,  that  eagles  throw  up  every 
morning  a  quantity  of  liquid,  which  he  considers  as  gas- 
rric  juice  ;  and  he  has  availed  himself  of  this  to  collect 
it  in  considerable  quantities. 

It  is  almost  unnecessary  to  remark  how  imperfect 
hese  different  methods  are,  and  how  far  every  conclu- 
sion drawn  from  the  examination  of  such  juices  must 
deviate  from  the  truth.  It  is  impossible  that  the  gastric  9 
mice,  obtained  by  any  one  of  these  processes,  can  be 
^tire;  because  in  the  stomach  it  must  be  constantly 
mixed  with  large  quantities  of  saliva,  mucus,  bile,  food, 
S&c.   It  may  be  questioned,  indeed,  whether  any  gastric 
;uice  at  all  can  be  obtained  by  these  methods  •,  for  as 
the  intention  of  the  gastric  juice  is  to  convert  the  food 
iinto  chyme,  in  all  probability  it  is  only  secreted,  or  at 
1  least  thrown  into  the  stomach  when  food  is  present. 

We  need  not  be  surprised,  then,  at  the  contradictory  Attempts 
accounts  concerning  its  nature,  given  Us  by  those  philo-  *°  analyse 
fsophers  who  have  attempted  to  examine  it ;  as  these  re- 
1  late  not  so  much  to  the  gastric  juice,  as  to  the  different 
^substances  found  in  the  stomach.  The  idea  that  the 
agastric  juice  can  be  obtained  by  vomiting,  or  that  it  is 
tthrown  up  spontaneously  by  some  animals,  is,  to  say  the 
'least  of  it,  very  far  from  being  probable. 

According  to  Bru^r.atelli,  the  gastric  juice  of  carni- 
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vorous  animals,  as  hawks,  kites,  &c.  has  an  acid  and  re- 
sinous odour,  is  very  bitter,  and  not  at  all  watery  ;  and 
is  composed  of  an  uncombined  acid,  a  resin,  an  animal 
substance,  and  a  small  quantity  of  muriat  of  soda  *. 
The  gastric  juice  of  herbivorous  animals,  on  the  con- 
trary, as  goats,  sheep,  &c  is  very  watery,  a  little  muddy, 
has  a  bitter  saltish  taste,  and  contains  ammonia,  an 
animal  extract,  and  a  pretty  large  quantity  of  muriat  of 
sodaf.  Mr  Carminati  found  the  same  ingredients;  but 
he  supposes  that  the  ammonia  had  been  formed  by  the 
putrefaction  of  a  part  of  their  food,  and  that  in  reality 
the  gastric  juice  of  these  animals  is  of  an  acid  nature  %. 

The  accounts  which  have  been  given  of  the  gastric 
juice  of  man  are  so  various,  that  it  is  not  worth  while 
to  transcribe  them.  Sometimes  it  has  been  found  of 
an  acid  nature,  at  other  times  not.  The  experiments 
of  Spallanzani  are  sufficient  to  shew,  that  this  acidity  is 
not  owing  to  the  gastric  juice,  but  to  the  food  He 
never  found  any  acidity  in  the  gastric  juice  of  birds  of 
prey,  nor  of  serpents,  frogs,  and  fishes.  Crows  gave  an 
acidulous  gastric  juice  only  when  fed  on  grain ;  and  he 
found  that  the  same  observation  holds  with  respect  to 
clogs,  herbivorous  animals,  and  domestic  fowls.  Carni- 
vorous birds  threw  up  pieces  of  shells  and  coral  without 
alteration  ;  but  these  substances  were  sensibly  diminish- 
ed in  the  stomachs  of  hens,  even  when  inclosed  in  per- 
forated tubes.  Spallanzani  himself  swallowed  calcare- 
ous substances  inclosed  in  tubes ;  and  when  he  fed  on 
vegetables  and  fruits,  they  were  sometimes  altered  and 
a  little  diminished  in  weight,  just  as  if  they  had  been 


*  Scopoli's  Macqucr's  Diet.  f  Ibid. 
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put  into  weak  vinegar  ;  but  when  he  used  only  animal  Chap.iiL 
food,  they  came  out  untouched.  According  to  this 
philosopher,  whose  experiments  have  been  by  far  the 
most  numerous,  the  gastric  juice  is  naturally  neither 
acid  nor  alkaline.  When  poured  on  the  carbonat  of 
potass,  it  causes  no  effervescence. 

Such  are  the  results  of  the  experiments  on  the  juices 
taken  from  the  stomach  of  animals.  No  conclusion  can 
be  drawn  from  them  respecting  the  nature  of  the  gas- 
tric juice.  But  from  the  experiments  which  have  been 
made  on  the  digestion  of  the  stomach,  especially  by 
Spallanzani,  the  following  facts  are  established. 

The  gastric  iuice  attacks  the  surface  of  bodies,  unites  Its  effect  o« 
°    .      J  ...  the  food, 

to  the  particles  of  them  which  it  carries  off,  and  cannot 

be  separated  from  them  by  filtration.  It  operates  with 
more  energy  and  rapidity  the  more  the  food  is  divided,  • 
and  its  action  is  increased  by  a  warm  temperature.  The 
food  is  not  merely  reduced  to  very  minute  parts  j  its 
taste  and  smell  are  quite  changed ;  its  sensible  proper- 
ties are  destroyed,  and  it  acquires  new  and  very  diffe- 
rent ones.  This  juice  does  not  act  Jas  a  ferment;  so 
far  from  it,  that  it  is  a  powerful  antiseptic,  and  even  re- 
stores flesh  already  putrefied.  There  is  not  the  smallest 
appearance  of  such  a  process  ;  indeed,  when  the  juice 
is  renewed  frequently,  as  in  the  stomach,  substances  dis- 
solve in  it  with  a  rapidity  which  excludes  all  idea  of  fer- 
mentation. Only  a  few  air-bubbles  make  their  escape, 
which  adhere  to  the  alimentary  matter,  and  buoy  it. up 
to  the  top,  and  which  are  probably  extricated  by  the 
heat  of  the  solution. 

With  respect  to  the  substances  contained  in  the  sto-  Substances 
mach,  only  two  facts  have  been  perfectly  ascertained  j  stomach.*'10 
The  first  is,  that  the  juice  contained  in  the  stomach  of 
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^Eook  V.  ^  oxen,  calves,  sheep,  invariably  contains  uncotnbined 
phosphoric  acid,  as  Macquart  and  Vauquelin  have  de- 
monstrated :  The  second,  that  the  juice  contained  in 
the  stomach,  and  even  the  inner  coat  of  the  stomach  it- 
self, has  the  property  of  coagulating  milk  and  the  se- 
rum of  blood.  Dr  Young  found,  that  seven  grains  of 
the  inner  coat  of  a  calf's  stomach,  infused  in  Water,  gave 
a  liquid  which  coagulated  more  than  ico  ounces  of 
milk  ;  that  is  to  say,  more  tliafl  6857  times  its  own 
weight ;  and  yet,  in  all  probability,  its  weight  was  not 
much  diminished. 

What  the  substance  is  which  possesses  this  coagula- 
ting property,  has  not  yet  been  ascertained  ;  but  it  is 
evidently  not  very  soluble  in  water  :  for  the  inside  of 
a  kcalf 's  stomach,  after  being  steeped  in  water  for  six 
hours,  and  then  well  washed  with  water,  still  furnishes* 
a  liquor  on  infusion  which  coagulates  milk  *  :  And  Dr 
Young  found  that  a  piece  of  the  inner  coat  of  the  sto- 
mach, after  being  previously  washed  with  water,  and1 
then  with  a  diluted  solution  of  carbonat  of  potass,  still 
afforded  a  liquid  which  coagulated-  milk  and  serum. 

It  is  evident,  from  these  facts,  that  this  coagulating 
substance,  whatever  it  is,  acts  very  powerfully  ;  and 
that  it  is  scarcely  possible  to  separate  it  completely  from 
the  stomach.  But  we  know  at  present  too  little  of  the 
nature  of  coagulation  to  be  able  to  draw  any  inference 
from  these  facts.  An  almost  imperceptible  quantity  of 
some  substances  seems  to  be  sufficient  to  coagulate  milk.  ' 
For  Mr  Vaillant  mentions  in  his  Travels  in  Africa,  that 
a  porcelain  dish  which  he  procured,  and  which  had  laitf 
for  some  years  at  the  bottom  of  the  sea,  possessed,  in 
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consequence,  the  property  of  coagulating  milk  when    Chap.  HL^ 
put  into  it ;  yet  it  communicated  no  taste  to  the  milk, 
and  did  not  differ  in  appearance  from  other  cups. 

It  is  probable  that  the  saliva  is  of  service  in  the  con- 
version of  food  into  chyme  as  well  as  the  gastric  juice. 
It  evidently  serves  to  dilute  the  food  ;  and  probably  it 
may  be  serviceable  also,  by  communicating  oxygen. 

6.  The  chyme,  thus  formed,  passes  from  the  stomach  Chyme 

into  the  intestines,  where  it  is  subjected  to  new  changes,  jnto^hylc 

and  at  last  converted  into  two  very  different  substances,  and  excrc- 

J  ment 

chyle  and  excrementitious  matter. 

The  chyle  is  a  white-ccloured  liquid,  very  much  re-  Nature 
sembling  milk.  It  is  exceedingly  difficult  to  collect  it  ^  C* 
in  any  considerable  quantity,  and  for  that  reason  it  has 
never  been  accurately  analysed.  We  know  only  in  ge- 
neral that  it  resembles  milk  ;  containing,  like  it,  an  al- 
buminous part  capable  of  being  coagulated,  a  serum, 
and  globules  which  have  a  resemblance  to  cream*.  It 
contains  also  different  salts  ;  and,  according  to  some,  a 
substance  scarcely  differing  from  the  sugar  of  milk.  Dr 
Charles  Smith  of  New  Jersey  relates  an  instance  of  a 
dropsy  of  the  abdomen  in  which  the  liquid  accumulated 
appears  to  have  been  chyle.  The  patient,  a  boy  twelve 
yeats  of  age,  was  tapped  twice,  and  each  time  between 
seven  and  eight  quarts  of  liquid  abstracted.  Its  colour 
was  chalky-white,  and  resembled  milk  pretty  nearly, 
both  in  its  taste,  smell,  and  appearance.  On  standing 
a  night,  it  threw  up  a  good  cream, |  though  not  so  much 
in  proportion  as  cow's  milk  usually  doesf. 

7.  Concerning  the  process  by  which  chyle  is  formed  Its  forma- 

from  chyme,  scarcely  any  thing  is  known.    It  does  not  mical  pro- 
a   cess. 

*  Fordyce  on  Digettion,  p.  izi.  f  Phil.  Mag.  ii,  16 
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Book  V.  appear  that  the  chyme  is  precisely  the  same  in  all  ani- 
mals ;  for  those  which  are  herbivorous  have  a  greater 
length  of  intestine  than  those  which  are  carnivorous. 
It  is  certain  that  the  formation  of  the  chyle  is  brought 
about  by  a  chemical  change,  although  we  cannot  say 
precisely  what  that  change  is-,  or  what  the  agents  are 
by  which  it  is  produced.  But  that  the  change  is  che- 
mical, is  evident,  because  the  chyle  is  entirely  different, 
both  in  its  properties  and  appearance,  from  the  chyme. 
The  chyme,  by  the  action  of  the  intestines,  is  separated 
into  two  parts,  chyle  and  excrement :  the  first  of  which 
is  absorbed  by  a  number  of  small  vessels  called  lacteals; 
the  second  is  pushed  along  the  intestinal  canal,  and  at 
last  thrown  out  of  the  body  altogether. 

After  the  chyme  has  been  converted  into  chvle  and 
excrement,  although  these  two  substances  remain  mix- 
ed together,  it  does  not  appear  that  they  are  able  to  de- 
compose each  other  ;  for  persons  have  been  known  sel- 
dom or  never  to  emit  any  excrementitious  matter  per 
anum  for  years.  In  these,  not  only  the  chyle,  but  the 
excrementitious  matter  also,  was  absorbed  by  the  lac- 
teals  ;  and  the  excrement  was  afterwards  thrown  out 
of  the  body  by  other  outlets,  particularly  by  the  skin : 
in  consequence  of  which,  those  persons  have  constantly 
that  particular  odour  about  them  which  distinguishes 
excrement.  Now  in  these  persons,  it  is  evident  that  the 
chyle  and  excrement,  though  mixed  together,  and  even 
absorbed  together,  did  not  act  on  each  other ;  because 
these  persons  have  been  known  to  enjoy  good  health 
for  years,  which  could  not  have  been  the  case  had  the 
chyle  been  destroyed. 

Use  of  the  Jt  has  been  supposed  by  some  that  the  decomposition 
bile.  .  . 

of  the  chyme,  and  the  formation  of  chyle,  is  produced 
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by  the  agency  of  the  bile,  which  is  poured  out  abun-  Chap.  III.  < 
dantly,  and  mixed  with  the  chyme,  soon  after  its  en- 
entrance  into  the  intestines.  If  this  theory  were  true, 
no  chyle  could  be  formed  whenever  any  accident  pre- 
vented the  bile  from  passing  into  the  intestinal  canal : 
but  this  is  obviously  not  the  case;  for  frequent  instances 
have  occurred  of  persons  labouring  under  jaundice  from 
the  bile  ducts  being  stopped,  either  by  gallstones  or  some 
other  cause,  so  completely,  that  no  bile  could  pass  into 
the  intestines;  yet  these  persons  have  lived  for  a  consi- 
derable time  in  that  state.  Consequently  digestion,  and 
therefore  the  formation  of  chyle,  must  be  possible,  inde- 
pendent of  bile. 

The  principal  use  of  the  bile  seems  to  be  to  separate 
the  excrement  from  the  chyle,  after  both  have  been 
formed,  and  to  produce  the  evacuation  of  the  excre- 
ment out  of  the  body.  It  is  probable  that  these  sub- 
stances would  remain  mixed  together,  and  that  they 
would  perhaps  even  be  partly  absorbed  together,  were 
it  not  for  the  bile,  which  seems  to  combine  with  the 
excrement,  and  by  this  combination  to  facilitate  its  se-  . 
paratton  from  the  chyle,  and  thus  to  prevent  its  absorp- 
tion. Fourcroy  supposes  that  the  bile,  as  soon  as  it  is 
mixed  with  the  contents  of  the  intestinal  canal,  suffers 
a  decomposition ;  that  its  alkali  and  saline  ingredients 
combine  with  the  chyle,  and  render  it  more  liquid, 
while  its  albumen  and  resin  combine  with  the  excre- 
mentitious  matter,  and  gradually  render  them  less  and 
less  fluid  ;  and  this  theory  is  certainly  very  probable  *. 
The  bile  also  stimulates  the  intestinal  canal,  and  causes 
it  to  evacuate  its  contents  sooner  than  it  otherwise 


*  Fourcroy,  x.  48. 
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Book  V.    would  do ;  for  when  there  is  a  deficiency  of  bile,  the 
body  is  constantly  costive. 

Excretnen-       g_  "j]^  excrementitious  matter,  then,  which  is  eva. 

titious  mat-  ' 

tcr.  cuated  per  anum,  consists  of  all  that  part  of  the  food 

and  chyme  which  was  not  converted  into  chyle ;  entirely 
altered,  however,  from  its  original  state,  partly  by  the 
decomposition  which  it  underwent  in  the  stomach  and 
intestines,  and  partly  by  its  combination  with  the  resin 
and  albumen  of  the  bile.  Accordingly  we  find  in  it 
many  substances  which  did  not  exist  at  all  in  the  food. 
Thus  in  the  dung  of  cows  and  horses  there  is  found  a 
very  considerable  quantity  of  benzoic  acid.  The  ex- 
crements of  animals  have  not  yet  been  subjected  to  an 
accurate  analysis,  though  such  an  analysis  would  throw 
much  light  upon  the  nature  of  digestion.  For  if  we 
knew  accurately  the  substances  which  were  taken  into 
the  body  as  food,  and  all  the  new  substances  which  were 
formed  by  digestion;  that  is  to  say,  the  component  parts 
of  chyle  and  of  excrement,  and  the  variation  which  dif- 
ferent kinds  of  food  produce  in  the  excrement,  it  would 
be  a  very  considerable  step  towards  ascertaining  pre- 
cisely the  changes  produced  on  food  by  digestion. 

Vauquelin  has  ascertained  that  the  faeces  are  con- 
stantly acid,  always  reddening  vegetable  blues.  They 
run  very  quickly  into  fermentation,  becoming  at  first 
more  acid,  but  very  soon  begin  to  exhale  ammonia. 
Pigeon  dung  contains  an  acid  of  a  peculiar  nature, 
which  increases  when  the  matter  is  diluted  with  water; 
but  gradually  gives  place  to  ammonia,  which  is  at  last 
exhaled  in  abundance*. 

To  the  same  excellent  chemist  we  are  indebted  fof 


*  Fourcroy,  x.  70. 
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;an  analysis  of  the  fixed  parts  of  the  excrements  of  fowls,    Chap.  in. 
,iand  a  comparison  of  them  with  the  fixed  parts  of  the  Excrements 
food;  from  which  some  very  curious  consequences  may  off°wk- 
Ibe  deduced. 

He  found  that  a  hen  devoured  in  ten  days  111x1.843 
•grains  troy  of  pats.    These  contained 

136.509  gr.  of  phosphat  of  lime 
219.548  silica 


356-°57 

During  these  ten  days  she  layed  four  eggs;  the  shells 
(.of  which  contained  98.776  gr.  phosphat  of  lime,  and 
.453.417  gr.  carbonat  of  lime.  The  excrements  emit- 
ted during  these  ten  days  contained  175.529  gr.  phos- 
[phat  of  lime,  58.491  gr.  of  carbonat  of  lime,  and 
1^85.266  gr.  of  silica.  Consequently  the  fixed  parts 
uhrown  out  of  the  system  during  these  ten  days  amount- 
d  to  .  .  .  .  274.305  gr.  phosphat  of  lime 
51 1. 91 1  carbonat  of  lime 
185.266  silica 


Given  out  971.482 
Taken  in  356.057 


Surplus  615.425 

Consequently  the  quantity  of  fixed  matter  given  out 
>)f  the  system  in  ten  days  exceeded  the  quantity  taken 
:n  by  615.425  grains. 

The  silica  taken  in  amounted  t6  219.548  gr. 
Thai  given  out  was  only  ....  185.266  gr. 


Remains  34.282 
Consequently  there  disappeared  34.282  grains  of  si- 


ica. 
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BookV.         The  phosphat  of  lime  taken  in  was  136.509  gr. 

That  given  out  was  274.305  gr. 


137.796 

Fowls  seem  Consequently  there  must  have  heen  formed,  by  di- 
to  lorm  .        .  . 

lime  and      gestion  in  this  fowl,  no  less  than  137.796  grains  of 

phospho-     phosphat  of  lime,  besides  51 1. 91 1  grains  ofcarbonat. 

Consequently  lime  (and  perhaps  also  phosphorus)  is 
not  a  simple  substance,  but  a  compound,  and  formed  of 
ingredients  which  exist  in  oat-seed,  water,  or  air,  the 
only  substances  to  which  the  fowl  had  access.  Silica 
may  enter  into  its  composition,  as  a  part  of  the  silica 
had  disappeared ;  but  if  so,  it  must  be  combined  with  a 
great  quantity  of  some  other  substance  *. 

These  consequences  are  too  important  to  be  admitted 
without  a  very  rigorous  examination.  The  experiment 
must  be  repeated  frequently,  and  we  must  be  absolutely 
certain  that  the  hen  has  no  access  to  any  calcareous 
earth,  and  that  she  has  not  diminished  in  weight ;  be- 
cause in  that  case  some  of  the  calcareous  earth,  of  which 
part  of  her  body  is  composed,  may  have  been  employ- 
ed. This  rigour  is  the  more  necessary,  as  it  seems 
pretty  evident,  from  experiments  made  long  ago,  that 
some  birds  at  least  cannot  produce  eggs  unless  they  have 
access  to  calcareous  earth.  Dr  Fordyce  found,  that  if 
the  canary  bird  was  not  supplied  with  lime  at  the  time 
of  her  laying,  she  frequently  died,  from  her  eggs  not 
coming  forward  properly  f.  He  divided  a  number  , 
of  these  birds  at  the  time  of  their  laying  eggs  into  two 
parties  :  to  the  one  he  gave  a  piece  of  old  mortar,  which 
the  little  animals  swallowed  greedily ;  they  laid  their 


*  Ann.  de  Ciim.  xxix.  l6, 
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eggs  as  usual,  and  all  of  them  lived  ;  whereas  many  of  ,chaP-  IILi 
the  other  party,  which  were  supplied  with  no  lime, 
died  *. 

o.  The  chyle,  after  it  has  heen  absorbed  by  the  lac-  Chyle 

.  .  ,     mixes  with 

ceals,  is  carried  by  them  into  a  pretty  large  vessel,  iymph, 

.cnown  by  the  name  of  thoracic  duct.  Into  the  same 
vessel  likewise  is  discharged  a  transparent  fluid,  con- 
veyed by  a  set  of  vessels  which  arise  from  all  the  ca- 
nities of  the  body.  These  vessels  are  called  lymphatics, 
and  the  fluid  which  they  convey  is  called  lymph.  In 
t:he  thoracic  duct,  then,  the  chyle  and  the  lymph  are 
mixed  together. 

Very  little  is  known  concerning  the  nature  of  the 
'ymph,  as  it  is  scarcely  possible  to  collect  it  in  any  quan- 
:ity.    It  is  colourless,  has  some  viscidity,  and  is  said  to 
»e  specifically  heavier  than  water.    It  is  said  to  be  coa- 
j^ulable  by  heat;  if  so,  it  contains  albumen;  and,  from 
ts  appearance,  it  probably  contains  gelatine.  Its  quan- 
ity  is  certainly  considerable,  for  the  lymphatics  are  very 
numerous. 

10.  The  chyle  and  lymph  being  thus  mixed  together,  And  is  con- 
ire  conveyed  directly  into  the  blood  vessels.    The  ef-  hTng^'0'  & 
ect  produced  by  their  union  in  the  thoracic  duct  is  not 
,:nown,  but  neither  the  colour  nor  external  properties 
|))f  the  chyle  is  altered.    In  man,  and  many  other  ani- 
[mals,  the  thoracic  duct  enters  at  the  junction  of  the  left 
I  ubclavian  and  carotid  veins,  and  the  chyle  is  conveyed 
j  lirectly  to  the  heart,  mixed  with  the  blood,  which  al- 
ready exists  in  the  blood  vessels.    From  the  heart,  the 
llood  and  chyle  thus  mixed  together  are  propelled  into 
the  lungs,  where  they  undergo  farther  changes. 


*  On  Digestion,  p.  26. 
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Such  are  the  phenomena  of  digestion,  as  far  as  they 
have  been  traced.  The  food  is  first  conveyed  to  the 
stomach,  where  by  means  of  the  gastric  juice  it  is  con- 
verted into  chyme.  The  chyme  passes  into  the  intes*. 
tinal  canal,  where  it  is  subjected  to  a  new  process,  be- 
ing gradually  decomposed  and  converted  into  chyle  and 
excrementitious  matter,  which  by  means  of  the  bile 
are  separated  from  each  other.  The  excrementitious 
matter  is  evacuated,  but  the  chyle  is  absorbed  by  the 
lacteals,  and  conveyed  to  the  blood  vessels  and  lungs. 
Let  us  now  endeavour  to  trace  the  changes  produced 
on  it  by  these  organs. 


SECT.  II. 
i 

OF  RESPIRATION. 


Respiration  J[  IIE  absolute  necessity  of  respiration,  or  of  something 
necessary.  .   .  r 

analogous,  is  known  to  every  one  ;  and  few  are  ignorant 

that  in  man,  and  hot  blooded  animals,  the  organ  by; 
which  respiration  is  performed  is  the  lungs.  Now  re*] 
spiration  consists  in  drawing  a  certain  quantity  of  aitj 
into  the  lungs,  and  throwing  it  out  again  alternately. 
Whenever  this  function  is  suspended,  even  for  a  very 
short  time,  the  animal  dies. 

The  fluid  respired  by  animals  is  common  atmosphe- 
rical air ;  and  it  has  been  ascertained  by  experiment, 
that  no  other  gaseous  body  with  which  we  are  acquaint- 
ed can  be  substituted  for  it.  All  the  known  gases  have' 
been  tried;  but  thev  all  prove  fatal  to  the  animal  which 
is  made  to  breathe  them.   Gaseous  bodies,  as  far  as  re- 
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&spiratlou  is  concerned,  maj-  be  divided  into  two  classes  :  Chap.  III. 
11.  Unrespirable  gases;  2.  Respirable  gases. 

I.  The  gases  belonging  to  the  first  class  are  of  such  Unrespir- 
:i  nature  that  they  cannot  be  drawn  into  the  lungs  of  a  LSiaa' 
.in  animal  at  all ;  the  epiglottis  closing  spasmodically 
whenever  they  are  applied  to  it.    To  this  class  belong 
::arbonic  acid,  and  all  the  other  acid  gases,  as  has  been 
•ascertained  by  the  experiments  of  Rozier. 

II.  The  gases  belonging  to  the  second  class  may  be  Respirable 
llrawn  into  the  lungs,  and  thrown  out  again  without  fourkinds. 
lay  opposition  from  the  respiratory  organs  ;  of  course 

ihe  animal  is  capable  of  respiring  them.    They  may 
r)e  divided  into  four  subordinate  classes:  1.  The  first  1. Suffocate, 
et  of  gases  occasion  death  immediately,  but  produce 
mo  visible  change  in  the  blood.    They  occasion  the  ani- 
mal's death  merely  by  depriving  him  of  air,  in  the 
:.ame  way  "as  he  would  be  suffocated  by  being  kept  lin- 
er water.    The  only  gases  which  belong  to  this  class 
ire  hydrogen  and  azotic  2.  The  second  set  of  gases  **  Kl!'  *>y 

.  occasioning 

ccasion  death  immediately,  but  at  the  same  time  they  changes  in 

roduce  certain  changes  in  the  blood,  and  therefore  kill  *  °  b^ooc^ 

ot  merely  by  depriving  the  animal  of  air,  but  by  cer- 

uin  specific  properties.    The  gases  belonging  to  this 

lass  are  carbonated  hydrogen,  carbonic  oxide,  and  per- 

aps  also  nitrous  gas. — 3.  The  third  set  of  gases  may  be  3.  Support 

ireathed  for  some  time  without  destroying  the  animal,  fectly. 

ut  death  ensues  at  last,  provided  their  action  be  long 

nough  continued.    To  this  class  belong  the  oxide  of 

/iot  and  oxygen  gas* — 4.  Ihe  fourth  set  may  be  4-  May  be 

rreathed  any  length  of  time  without  injuring  the  ani-  -without  in- 
jury. 


*  Perhaps  also  nitrous  gas  might  have  the  same  effect  if  it  could  be 
rreathed  by  an  animal  whose  lungs  contained  no  oxygen. 

Hh  2 
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Oxygen  ne- 
cessary in 
respiration. 


mal.  Air  is  the  only  gaseous  body  belonging  to  this 
class. 

It  has  been  long  known  that  an  animal  can  only 
breathe  a  certain  quantity  of  air  for  a  limited  time  ; 
after  which  it  becomes  the  most  deadly  poison,  and 
produces  suffocation  as  effectually  as  the  most  noxious 
gas,  or  a  total  absence  of  air.  It  was  suspected  long 
ago  that  this  change  is  owing  to  the  absorption  of  a 
part  of  the  air ;  and  Mayow  made  a  number  of  very  in- 
genious experiments  in  order  to  prove  the  fact.  Dr 
Priestley  and  Mr  Scheele  demonstrated,  that  the  quan- 
tity of  oxygen  gas  in  atmospheric  air  is  diminished  y 
and  Lavoisier  demonstrated,  in  1776,  that  a  quantity 
of  carbonic  acid  gas,  which  did  not  previously  exist  in 
it,  was  found  in  air  after  it  had  been  for  some  time  re- 
spired. It  was  afterwards  proved  by  Lavoisier,  and 
many  other  philosophers  who  confirmed  and  extended 
his  facts,  that  no  animal  can  live  in  air  totally  destitute 
of  oxygen.  Even  fish,  which  do  not  sensibly  respire, 
die  very  soon  if  the  water  in  which  they  live  be  depri- 
ved of  oxygen  gas.  Frogs,  which  can  suspend  their 
respiration  at  pleasure,  die  in  about  forty  minutes,  if 
the  water  in  which  they  have  been  confined  be  covered 
over  with  oil  Insects  and  worms,  as  Vauquelin  has 
proved,  exhibit  precisely  the  same  phenomena.  They 
require  air  as  well  as  other  animals,  and  die  like  them 
if  they  be  deprived  of  it.  They  diminish  the  quantity 
of  oxygen  in  the  air  in  which  they  live,  and  give  out,, 
by  respiration,  the  very  same  products  as  other  animals. 
Worms,  which  are  more  retentive  of  life  than  most 
other  animals,  or  at  least  not  so  much  affected  by  poi- 


*  Carradori,  Ann,  dc  Chim,  xsix.  171. 
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sonous  gases,  absorb  every  particle  of  the  oxygen  con-*   Chap.  nr. 
tained  in  the  air  in  which  they  are  confined  before  they 
die.    Mr  Vauquelin's  experiments  were  made  on  the 
gryllus  viridissimus,  the  Umax  Jlavus,  and  helix:  poma- 


tia  *. 


The  quantity  of  air  respired  differs  very  much  in  dif- 
ferent animals.  Man  and  hot-blooded  animals  are 
under  the  necessity  of  breathing  constantly ;  whereas 
amphibious  animals  have  a  certain  power  over  respira- 
tion, and  can  suspend  the  function  altogether  for  a 
limited  time.  Dr  Barclay  has  ascertained  that  these 
animals  acquire  a  much  greater  command  over  their 
respiratory  organs  by  habit.  Fish  do  not  breathe  at 
all,  and  consume  so  little  air,  that  the  small  portion 
of  it  held  in  solution  by  the  water  in  which  they  swim 
is  sufficient  for  them.  It  appears  that  the  number  of 
respirations  made  in  a  given  time  differ  considerably  in 
different  men.  Dr  Hales  reckons  them  at  20  in  a  Number  of 
minute.  Mr  Davy  informs  us  that  he  makes  between  resPiratlcns' 
26  and  27  in  a  minute.  I  myself  make  about  20  at 
an  average.  Now  20  in  a  minute  make  28,800  in  24 
hours. 

The  quantity  of  air  drawn  in  and  emitted  at  every  Quantity  of 
respiration  must  differ  considerably  with  the  size  of  air  resPlre<* 
the  man  and  the  capacity  of  his  lungs.  Dr  Menzies 
found  that  a  man  draws  in  at  a  medium  43.77  cubic 
inches  of  air  at  every  inspiration.  From  the  experi- 
ments of  Dr  Goodv/yn,  it  appears,  that  after  a  natural 
expiration,  the  mean  quantity  of  air  which  remains  in 
the  lungs  amounts  to  109  cubic  inches.  Mr  Davy  has 
ascertained  that  his  lungs,  after  a  forced  expiration,  still 
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t  Book.V-     retain  41  cubic  inches  of  air-,  after  a  natural  expira- 
tion they  contain  1 5  8  cubic  inches 

After  a  natural  inspiration  135 
After  a  forced  inspiration  254 

By  a  full  forced  expiration,  after  a  forced  inspiration, 
he  threw  out  .......  190  cubic  inches 

After  a  natural  inspiration  78. 5 
After  a  natural  expiration  67.5 

Let  us  now  endeavour  to  trace  the  changes  produced 
by  respiration.  These  are  of  two  kinds,  namely,  i.The 
changes  produced  upon  the  air  respired.  2.  Changes 
produced  upon  the  blood  exposed  to  this  air.  Each  of 
these  naturally  claims  our  attention. 
Changes  T.  For  our  knowledge  of  the  changes  produced  upon 

on  th/air  the  air  by  respiration,  we  are  chiefly  indebted  to 
respired.  Priestley,  Cigna,  Menzies,  Lavoisier  and  Seguin,  and 
Mr  Davy.  These  changes  are  the  following.  i.Part 
of  the  air  respired  disappears.  2.  It  becomes  impreg- 
nated with  carbonic  acid.  3.  It  is  loaded  with  water  in 
the  state  of  vapour. 
1.  Part  of  it  :l-  From  the  experiments  of  Dr  Menzies,  it  follows 
'losed"111"  that  one  twentieth  of  the  air  inspired  disappears  in  the 
lungs.  This  agrees  pretty  nearly  with  the  experiments 
made  with  great  care  by  Lavoisier;  an  account  of  which 
he  was  employed  in  drawing  up  when  he  was  unfortu- 
nately cut  off  by  orders  of  the  French  government. 
Neither  do  the  experiments  published  lately  by  Mr 
Davy,  and  which  appear  to  have  been  performed  with 
much  precision,  differ  much  from  those  of  Dr  Menzies. 
According  to  Davy  about  -J-jth.  of  the  air  inspired  clis-* 
appears  during  respiration. 

Concerning  the  portion  of  the  air  which  disappears, 
it  has  hitherto  been  the  general  opinion  that  it  is  the 
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oxygen  only,  and  that  the  azot  remains  the  same  after  ^hap.  iif.^ 
^respiration  as  before  it.  These  conclusions  were  the 
tconsequence  of  the  experiments  of  Lavoisier,  who  an- 
inounced  the  non-alteration  of  the  azot  of  the  atmos- 
rphere  at  a  very  early  period  of  his  researches.  This 
cconclusion  seems  to  have  been  the  consequence  of  the 
ropinion  which  he  entertained  that  air  is  merely  a  me- 
tchanical  mixture  of  the  two  gases,  oxygen  and  azotic  ; 
(for  when  he  first  adopted  it,  his  apparatus  was  not  de- 
llicate  enough  to  measure  small  changes  ;  and  he  does 
inot  appear  to  have  afterwards  examined  the  azotic  re- 
siduum with  much  attention.  Mr  Davy  has  rendered 
lit  probable  that  a  portion  of  the  azot  of  the  air  as  well 
aas  its  oxygen  disappears  during  respiration. 

According  to  DrMenzies,  at  every  respiration  2.1885 
vcubic  inches  of  oxygen  gas  are  consumed.  Now  2.1885 
ccubic  inches  of  that  gas  amount  to  0.68669  gr.  troy. 
Supposing,  with  Hales,  that  a  man  makes  1200  respira- 
tions in  an  hour,  the  quantity  of  oxygen  kgas  consumed 
iin  an  hour  will  amount  to  824.028  grains,  and  in  24 
1  hours 'to  19776.672  grains,  or  41.2014  ounces  troy, 
irhis  quantity  exceeds  that  found  by  other  chemists 
considerably ;  but  the  allowance  of  oxygen  for  every 
[respiration  is  rather  too  great.  Indeed,  from  the  nature 

af  DrMeHzies's  apparatus,  it  was  scarce  possible  to  mea- 
sure it  accurately.  According  to  the  last  experiments 
fcf  Lavoisier  and  Seguin,  a  man,  at  an  average,  consumes, 
iin  twenty-four  hours,-  by  respiration,  32.48437  ounces 

troy  of  oxygen  gas ;  that  is  to  say,  that  a  quantity  of 
oxygen  gas,  equal  to  that  weight,  disappears  from  the 
;air  which  he  respires  in  24  hours.    According  to 
Mr  Davy,  the  average  quantity  of  air  which  disap- 
pears during  every  respiration  is  1.4  cubic  inch ;  of 
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.Book  V.  ^  which  0.2  are  azot  and  1.2  oxygen.    This,  allowing 
'        26  respirations  per  minute,  as  was  the  case  with  Mr 
Davy  the  subject  of  the  experiment,  amounts  in  24  hours 
to  rather  more  than  38  ounces  of  air  ;  or  precisely  to 
4  68  oz.  azot,  and  33.54  of  oxygen  *.    This  does  not 
differ  far  from  the  result  obtained  by  Lavoisier,  except- 
ing in  the  azot  which  the  French  chemist  neglected  al- 
together.   We  m.2y  consider  it  therefore  as  approxima- 
ting to  the  truth  as  nearly  as  can  be  expected  in  the  pre- 
sent state  of  the  science. 
1.  Carbonic       2.  That  the  air  thrown  out  of  the  lungs  contains 
emitted       carbonic  acid  may  be  easily  ascertained  by  blowing  it 
through  a  tube  into  lime  water,  which  immediately  be- 
comes milky  ;  and  the  bulk  of  the  gas  may  be  estimated 
by  putting  a  portion  of  air  from  the  lungs  into  a  gra- 
duated jar  standing  over  mercury,  introducing  a  little 
barytic  water,  or  pure  soda,  to  absorb  the  carbonic  acid, 
and  observing  the  diminution  of  bulk  in  consequence 
of  this  absorption.    According  to  Lavoisier,  a  man  in 
24  hours  throws  out  from  his  lungs  at  an  average 
about  15.73  oz.  troy  of  carbonic  acid.    From  the  expe- 
riments of  Mr  Davy,  on  the  other  hand,  it  follows,  that 
at  every  expiration  about  i>.i  cubic  inch  of  carbonic 
acid  is  emitted,  which  amounts  in  24  hours  to  no  less 
than  37  ounces  f.    The  difference  between  these  two 
sets  of  experiments  is  enormous,  and  claims  a  more 
complete  experimental  investigation  to  determine  whe- 
ther the  proportion  of  this  gas  emitted  by  different  in- 
dividuals, or  by  the  same  individual  at  different  times, 
does  not  differ  essentially.    This  supposition  is  surely 
very  probable,  as  it  tallies  with  what  we  know  to  be  the 
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casein  other  excretions-,  and  if  it  prove  true,  would  Chap. in. 
throw  more  light  upon  the  nature  of  respiration  than 
any  thing  which  has  hitherto  been  ascertained.  In  the 
mean  time,  till  farther  experiments  decide  the  point,  I 
think  we  may  consider  Mr  Davy's  conclusions  as  nearest 
the  medium  of  the  two,  because  they  correspond  with 
the  earlier  experiments  of  Lavoisier,  and  remove  a  very 
striking  anomaly  which  appears  when  we  compare  La- 
voisier's experiments  on  the  respiration  of  the  guinea- 
pig  with  those  on  the  respiration  of  man.  He  put  a 
guinea-pig  into  708.989  grains  troy  of  oxygen,  and 
after  the  animal  had  breathed  the  gas  for  an  hour,  he 
took  it  out.  He  found  that  the  oxygen  gas  now  amount- 
ed only  to   592-253  gr- 

1  Consequently  there  had  disappeared  .  .  .  116.7  1,6 
The  carbonic  acid  gas  formed  was   ....  130.472 
The  guinea-pig  consumed  in  24  hours       5.8368  oz. 

troy, of  oxygen  gas,  and  emitted  6.5236  oz. 

of  carbonic  acid  gas.  Man,  on  the  other  hand,  con- 
sumes in  the  same  time  32.48437  cz. 

of  oxygen  gas,  and  emits  only  .....  .  15  73  oz.  of 

carbonic  acid  gas.  The  oxygen  gas  consumed  by  the 
pig  is  to  the  carbonic  gas  emitted  as  J.00  :  1.12; 
whereas  in  man  it  is  as  i.oco  :  0.484.  If  we  co'uid 
depend  upon  the  accuracy  of  each  of  these  experiments, 

1  they  would  prove,  beyond  a  doubt,  that  the  changes 
produced  by  the  respiration  of  the  pig  are  different,  at  • 

ileast  in  degree,  from  those  produced  in  man  ;  but  it  is 

;more  than  probable  that  some  mistake  has  crept  into 

one  or  other  of  the  experiments. 

3.  It  is  not  so  easy  to  d  Pennine  the  proportion  of  3-  Wateg 
Hf  .  *  ^  emitted.. 

>water  emitted  from  the  lungs  mixed  with  the  air  ex- 

fpired,  as  it  is  that  of  the  carbonic  acid.    According  to 
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produced 
on  the 
blood. 


Book  V.  t]ie  experiments  of  Dr  Hales,  it  amounts  in  a  day  to 
20.4  oz.*  ;  but  his  method  was  not  susceptible  of  great 
accuracy.  Mr  Lavoisier,  on  the  other  hand,  estimates 
it  at  28.55  ounces  ;  but  this  proportion  seems  rather  to 
have  been  the  result  of  calculation  than  of  any  direct 
measurement.  It  can  only  be  considered  therefore  as 
an  approximation  to  the  truth,  and  most  probably  a  very 
imperfect  one. 

I[.  Let  us  now  endeavour  to  ascertain  the  changes 
produced  on  the  blood  by  respiration.    The  whole  of 
the  blood  is  propelled  from  the  heart  to  the  lungs,  cir- 
culates through  the  vessels  of  that  organ,  and  during 
that  circulation  it  is  exposed  to  the  influence  of  the  air 
which  the  animal  i3  constantly  drawing  into  the  lungs. 
Now  certain  changes  are  produced  upon  it  by  this  ac- 
tion, which  have  been  partly  traced  bv  the  experiments 
of  Priestley,  Cigna,  Fourcroy,  Hassenfratz,  Beddoes, 
Watt,  and  above  all  by,  those  of  Mr  Davy.  These 
changes,  as  far  as  we  are  acquainted  with  them,  are  the 
following  :  1.  The  blood  absorbs  air.    2.  It  acquires  a 
florid  red  colour,  and  the  chyle  disappears.    3.  It  emits 
carbonic  acid,  and  perhaps  carbon.    4.  It  emits  water, 
and  perhaps  hydrogen. 

1.  Dr  Priestley,  the  first  of  the  modern  chemists  who- 
turned  his  attention  to  respiration,  concluded  from  some 
of  his  earliest  experiments,  that  the  blood,  as  it  pr.ssed 
through  the  lungs,  gave  out  phlogiston  to  the  air,  which  « 
was  expired  loaded  with  that  substance,  and  of  course 
that  the  purpose  of  resp'ration  was  to  free  the  blood  of 
phlogiston.  Lavoisier  soon  after  ascertained  with  more 
precision  the  changes  which  the  air  undergoes  during 
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! respiration ;  and  he  formed  a  theory  in  order  to  explain  Chap  llf.^ 
(that  function,  assuming  as  its  basis  that  all  the  changes 
[produced  on  the  air  inspired  are  produced  in  the  lungs  ; 
jand  of  course,  that  all  the  new  substances  expired  are 
Formed  in  the  lungs.  According  to  him,  the  blood  ab-  Modified 
worbs  no  air  in  the  lungs  ;  but  it  gives  out  hydrogen  sier. 
sand  carbon,  which,  combining  with  the  oxygen  of  the 
uir  inspired,  form  water  and  carbonic  acid.  This  the- 
ory was  adopted  by  La  Place,  Crawford,  Gren,  and 
(Girtanner,  with  a  small  variation.  Indeed  it  does  not 
tjfiffcr,  except  in  detail,  from  the  original  hypothesis  of 
IDr  Priestley,  that  the  use  of  respiration  is  to  rid  the 
?3lood  of  phlogiston  ;  for  if  we  substitute  carbon  and 
nydrogen  for  phlogiston,  the  two  theories  precisely  a- 
rjree.  Mr  Lavoisier  attempted  not  to  prove  its  truth; 
ue  only  tried  to  shew  that  the  oxygen  absorbed  corre- 
sponds exactly  with  the  quantity  of  oxygen  contained  La 
ihe  carbonic  acid  and  the  water  emitted.  Now  as  this 
•  :oincidence  cannot  be  proved,  the  theory  is  entirely  dc- 
titute  of  proof,  as  far  as  the  proof  depends  upon  this 
coincidence. 

A  different  theory  was  afterwards  proposed  by  Mr  Theory  <rf 

.  La  Grange. 

De  La  Grange.    According  to  this  philosopher,  the 

oxygen  gas,  which  disappears,  combines  with  the  blood 
s  it  passes  through  the  lun<*  ;  and  at  the  "instant  of 
his  combination,  there  is  set  free  from  the  blood  a  quan- 
tity of  carbonic  acid  gas  and  of  water,  which  are  thrown 
mut  along  with  the  air  expired.  This  theory  was  ad- 
opted and  illustrated  by  Mr  Hassenfratz,  who  succeed- 
ed in  shewing  its  superiority  to  the^theory  maintained 
i»y  Lavoisier  and  his  associates. 

But  the  plausibility  of  this  theory  depended  entirelyon 
ihe  supposition  that  the  oxygen  of  the  air  inspired  was 
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^  Book  V.     alone  diminished,  while  the  azot  continued  unaltered. 

Whenever  this  supposition  could  he  proved  a  mistake, 

Expcri-  the  theoYy  of  course  fell  to  the  ground.  Now  this  has 
mems  of 

Davy.  been  done  by  the  experiments  of  Mr  Davy,  who  has 
rendered  it  probable  that  the  azot  is  partly  absorbed  as 
well  as  the  oxygen.  Of  course  the  theory  of  La  Grange 
cannot  be  admitted :  neither  is  the  theory  of  Lavoisier 
more  consistent  with  these  experiments. 

Air  absorb-;      As  the  azot  which  has  separated  from  the  ait  during 

cd  by  the  o 

blood,  respiration  is  not  to  be  found  in  the  products  of  respi- 
ration, we  must  conclude  that  it  has  been  absorbed  by 
the  blood.  The  experiments  of  Mr  Davy  have  ren- 
dered it  exceedingly  probable  that  the  air  is  absorbed 
unaltered  by  the  blood  ;  that  it  is  afterwards  decompo- 
sed by  that  liquid  ;  and  that  the  portion  of  azot,  which  is 
useless,  is  given  out  again,  and  mixed  with  the  air  in  the 
lungs.  The  following  facts  render  this  opinion  pro- 
bable :  When  hydrogen  gas  is  respired,  no  part  of  it  is 
absorbed  or  disappears,  nor  are  any  positive  changes 
produced  on  the  blood.  But  when  the  gaseous  oxide 
of  azot  is  respired,  it  diminishes  in  quantity,  while  at 
the  same  time  carbonic  acid  is  evolved  as  usual,  and  a 
quantity  of  azotic  gas  makes  its  appearance.  Now,  as 
this  azotic  gas  did  not  exist  separately  in  the  air  before 
respiration,  it  must  haye  been  produced  by  the  decom- 
position of  the  oxide  of  azot ;  but  its  quantity  being 
much  less  than  the  azot  contained  in  the  oxide  of  azot 
which  had  disappeared,  it  follows  that  at  least  a  part  of 
this  last  gas  had  been  absorbed  by  the  blood  unaltered  ; 
and  if  a  part  be  thus  absorbed,  why  not  the  whole  ?  ; 
In  that  case  the  azotic  gas  must  have  been  separated 
from  the  blood,  in  consequence  of  the  subsequent  de- 
composition of  the  oxide  of  azot  absorbed.    Now,  as 
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air  is  composed  of  precisely  trie  same  ingredients  with 
the  oxide  of  azot,  and  as  a  portion  of  the  azot,  as  well 
as  of  the  oxygen  of  the  air  respired,  disappears,  it  is 
reasonable  to  suppose  that  the  air  is  absorbed  by  the 
blood,  and  that  the  azotic  gas  which  is  developed  is 
thrown  out  of  the  blood  in  consequence  of  the  decom- 
position of  the  air  absorbed.    But  farther,  if  the  oxygen 
of  air  were  alone  absorbed  by  the  blood  during  respi- 
ration while  the  azot  remains  unaltered,  oxygen  gas 
ought  to  answer  the  same  purposes  as  air.    This  gas, 
however,  cannot  be  respired  without  occasioning  death 
at  last.   And  when  it  is  respired,  the  proportion  of  ox- 
ygen which  disappears  in  a  given  time  is  much  smaller 
than  when  air  is  respired.    Thus  when  182  cubic  in- 
ches of  oxygen  gas  were  breathed  by  Mr  Davy  for  half 
a  minute,  11.4  cubic  inches  of  the  gas  disappeared, 
whereas  15.6  cubic  inches  disappear  in  the  same  time 
when  common  air  is  respired*.    This  is  a  demonstra- 
tion that  the  whole  of  air  is  useful  in  respiration,  and 
not  merely  its  oxygen.    And  if  so,  the  air  must  be  ab- 
sorbed. 

2.  It  has  been  long  known  that  the  blood  which  flows  Blood  ac- 
in  the  veins  is  of  a  dark  reddish  purple  colour,  whereas  scarlet  co- 
the  arterial  blood  is  of  a  florid  scarlet  colour.    Lower  loun 
observed  that  the  colour  of  the  veinous  blood  was  con- 
verted into  that  of  arterial  during  its  passage  through 
the  lungs.    No  chyle  can  be  distinguished  by  its  white 
colour  in  the  blood  after  it  has  passed  through  the 
lungs.    The  changes,  then,  which  take  place  upon  the 
appearance  of  the  blood  are  two  :  1.  It  acquires  a  florid 
,red  colour  ;  2.  The  chyle  totally  disappears.  Lower 
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Book  v.    himself  knew  that  the  change  was  produced  by  the  air, 

■     ■  y 

and  Mayow  attempted  to  prove  that  it  was  by  absorb- 
ing a  part  of  the  air.  But  it  was  not  till  Dr  Priestley 
discovered  that  veinous  blood  acquires  a  scarlet  colour 
when  put  in  contact  with  oxygen  gas,  and  arterial  blood 
a  dark  red  colour  when  put  in  contact  with  hydrogen 
gas,  or,  which  is  the  same  thing,  that  oxygen  gas  in- 
stantly gives  veinous  blood  the  colour  of  arterial ;  and 
hydrogen,  on  the  contrary,  gives  arterial  blood  the  co- 
lour of  veinous  blood — it  was  not  till  then  that  philo- 
sophers began  to  attempt  any  thing  like  an  explanation 
of  the  phenomena  of  respiration. 

The  blood  is  a  fluid  of  so  complex  a  nature  that  it  is 
not  easy  to  ascertain  the  changes  produced  in  it  by  ex- 
posure to  different  gases  out  of  the  body  ;  and  even  if 
that  could  be  done,  we  have  no  method  of  proving  that 
the  effects  of  these  gaseous  bodies  upon  the  coagulated 
blood  are  the  same  as  they  would  be  on  the  blood  in  its 
natural  state,  circulating  in  the  vessels  of  a  living  ani- 
mal. The  facts  which  have  been  ascertained  are  the 
following  : 

r.  Oxygen,  1st,  It  appears  from  the  experiments  of  Priestley,  Gir- 
tanner,  and  Hassenfratz,  that  when  veinous  blood  is  ex- 
posed to  oxygen  gas  confined  ever  it,  the  blood  instant- 
ly assumes  a  scarlet  colour,  and  the  gas  is  diminished 
in  bulk  ;  therefore  part  of  the  gas  has  been  absorbed. 
Mr  Davy  indeed  could  not  perceive  any  sensible  dimi- 
nution of  the  bulk  of  the  gas. 

id,  The  same  change  of  colour  takes  place  when  blood 
is  exposed  to  common  air;  and  in  that  case  the  diminu- 
tion of  the  bulk  of  the  air  is  rather  more  sensible. 

2,d,  Veinous  blood  exposed  to  the  action  of  azotic  gas  \ 
continues  unaltered  in  colour;  neither  docs  any  per- j 
ceptible  diminution  of  the  gas  ensue. 


a  Air, 


3.  Azotic, 
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I    4th,  Veinous  blood  exposed  to  the  action  of  nitrous  Chap.  nr. 

has  becomes  of  a  deep  purple,  and  about  ^  of  the  gas  4.  Nitrous, 
iiis  absorbed. 

$th,  Veinous  blood  exposed  to  oxide  of  azot  becomes  5.  Oxide  of 
[of  a  brighter  purple,  especially  on  the  surface,  and  .a  azot' 
(  considerable  portion  of  the  gas  is  absorbed. 

6th,  Veinous  blood  exposed  to  carbonic  acid  gas  be-  6.  Carbonic 

Incomes  of  a  brownish-red  colour,  much  darker  than  acid' 
nusual,  and  the  gas  is  slightly  diminished  in  bulk. 

ytby  Carbonated  hydrogen  gas  gives  veinous  blood  a  7.  Carbon- 

lifine  red  colour,  a  shade  darker  than  oxygen  gas  does,  gen.  h}dro" 
ias  was  first  observed  by  Dr  Beddoes,  and  at  the  same 
rims  a  small  portion  of  the  gas  is  absorbed.  This 
;yas  has  the  property  of  preventing,  or  at  least  greatly 

[•retarding  the  putrefaction  of  blood,  as  was  first  obser*  . 
wed  by  Mr  Watt*. 

8tb,  When  arterial  blood  is  put  in  contact  with  azo-  Arterial 

ttic  gas,  or  carbonic  acid  gas,  it  gradually  assumes  the  cnedby"^" 

iiark  colour  of  veinous  blood,  as  Dr  Priestley  found  +.  azo,tlc  ? nd 

.  carbonic 

lThe  same  philosopher  also  observed,  that  arterial  blood  acid  gas; 
2acquired  the  colour  of  veinous  blood  when  placed  in  va- 
:uo\-    Consequently  this  alteration  of  colour  is  owing 
;to  some  change  which  takes  place  in  the  blood  itself, 
.ndependent  of  any  external  agent. 

The  arterial  blood  becomes  much  more  rapidly  and 
ieeply  dark  coloured  when  it  is  left  in  contact  with  hy- 
iirogen  gas  placed  above  it  §  -  We  must  suppose  there- 
fore that  the  presence  of  this  gas  accelerates  and  increa- 
ses the  change,  which  would  have  taken  place  upon  the 
:3lood  without  an>  external  agent. 


*  Davy's  Research^,  p.  380.  f  Priestley,  iii.  363. 

|  Ibid,  and  Ann.  dc  dim.  ix.  169.  §  Fourcroy,  Ibid  vii.  149. 
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J^°°^Zlj  9'^>  ^  arterial  blood  be  left  in  contact  with  oxygen 
By  rest,  gas,  it  gradually  assumes  the  same  dark  colour  which 
it  would  have  acquired  in  vacuo,  or  in  contact  with  hy- 
drogen ;  and  after  this  change  oxygen  can  no  longer  re- 
store its  scarlet  colour  *.  Therefore  it  is  only  upon  a 
part  of  the  blood  that  the  oxygen  acts  ;  and  after  this 
part  has-  undergone  the  change  which  occasions  the  dark 
colour,  the  blood  loses  the  power  of  being  affected  by 
oxygen. 

And  by  loth,  Mr  Hassenfratz  poured  into  veinous  blood  a 

uc^acid"3"  <luant^ty  °f  oxy-muriatic  acid ;  the  blood  was  instantly 
decomposed,  and  assumed  a  deep  and  almost  black  co- 
lour. When  he  poured  common  muriatic  acid  into 
blood,  the  colour  was  not  altered  f.  Now  oxy-muria- 
tic acid  has  the  property  of  giving  out  its  oxygen 
readily ;  consequently  the  black  colour  was  owing  to 
the  instant  combination  of  a  part  of  the  blood  with 
oxygen. 

Such  are  the  phenomena  produced  upon  the  blood  by 
the  different  gases  out  of  the  body  ;  but  the  science  is 
not  far  enough  advanced  at  present  to  be  able  to  explain 
them  in  a  satisfactory  manner.  The  obvious  changes 
produced  on  the  blood  in  the  lungs  by  respiration,  are 
the  florid  red  colour  and  the  disappearing  of  the  chyle. 

3.  That  carbonic  acid  is  emitted  from  the  lungs  du- 
ring expiration,  has  been  fully  ascertained  ;  but  whe- 
ther it  be  formed  in  the  lungs,  according  to  the  theory 
of  Lavoisier,  by  the  combination  of  the  oxygen  of  the 
air  with  carbon  emitted  by  the  blood,  or  be  emitted 
ready  formed  from  the  blood  at  the  same  time  that  the 
air  is  absorbed,  is  not  so  obvious ;  but  the  latter  opi- 


*  /inn.  dt  Clint,  ix.  268. 
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nion  is  more  probable,  and  indeed  follows  from  the  sup-  t  Chap.ia 
position  that  air  is  absorbed  without  decomposition. 

4.  It  is  much  more  reasonable  to  conclude  that  the 
watery  vapour,  which  exhales  from  the  lungs  along 
with  the  air  expired,  has  been  emitted  from  the  blood, 
or  from  the  vessels  of  the  lungs,  than  to  suppose,  with 
iLavoisier,  that  it  is  formed  in  the  lungs  by  the  combi- 
nation of  the  oxygen  of  the  air  with  hydrogen  emitted 
from  the  blood. ' 

From  the  preceding  enumeration  of  facts,  we  may  Theory  of 

.         .  i,  respiration* 

(conclude  that  the  following  changes  are  produced  by. 

Tespiration.  The  blood,  as  it  passes  through  the  lungs, 

jrabsorbs  a  portion  of  air,  and  carries  it  along  with  it 

thro'  the  blood-vessels.   During  the  circulation  this  air 

gradually  decomposed  by  the  blood,  its  oxygen  and 

iart  of  its  azot  entering  into  new  combinations,  while 

t  the  same  time  a  portion  of  azot,  of  carbonic  acid, 

md  water  is  evolved.    When  the  blood  returns  to  the 

l  ungs,  it  absorbs  a  new  dose  of  air,  and  at  the  same 

ime  lets  go  the  azotic  gas,  carbonic  acid  gas,  and  wa- 

t.ery  vapour  which  had  been  formed  during  the  circu- 

:.  ation.    The  same  changes  are  again  repeated,  and  the 

,ame  substances  emitted,  every  time  the  blood  comes  to 

he  lungs. 

It  is  probable  that,  during  a  considerable  part  of  the  Contributes 

1         •  '        •   n         c    ,    n    •  tothefor- 

lay,  there  is  a  constant  influx  of  chyle  into  the  blood  ;  mation  of 
nd  we  are  certain  that  lymph  is  constantly  flowing  in- 
it.    Now  it  appears,  from  the  most  accurate  obser- 
ations  hitherto  made,  that  neither  chyle  nor  lymph 
(ontain  fibriua,  which  forms  a  very  conspicuous  part 
(•f  the  blood.    This  fibrina  is  employed  to  supply  the 
.•aste  of  the  muscles;  the  most  active  parts  of  the  body, 
nd  therefore,  in  all  probability,  requiring  the  most 
Vol.  IV.  I  i 
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frequent  supply.  Nor  can  it  be  doubted  that  it  is  em- 
ployed for  other  useful  purposes-  The  quantity  of  fi- 
brina  in  the  blood,  then,  must  be  constantly  diminish- 
ing, and  therefore  new  fibrina  must  be  constantly  form- 
ed. But  the  only  substances  out  of  which  it  can  be 
formed  are  the  chyle  and  lymph,  neither  of  which  con- 
tain it.  There  must  therefore  be  a  continual  decom- 
position of  the  chyle  and  lymph  going  on  in  the  blood- 
vessels, and  a  continual  new  formation  of  fibrina.  Other 
substances  also  may  be  formed;  but  we  are  certain  that 
this  must  be  formed  there,  because  it  does  not  exist  pre- 
viously. Now,  one  great  end  of  respiration  must  un- 
doubtedly be  to  assist  this  decomposition  of  chyle  and 
complete  formation  of  blood. 

It  follows,  from  the  experiments  of  Fourcroy  former- 
ly enumerated,  that  fibrina  contains  more  azot,  and  lesa 
hydrogen  and  carbon,  than  any  of  the  other  ingredients 
of  the  blood,  and  consequently  also  than  any  of  the  in- 
gredients of  the  chyle.  In  what  manner  the  chyle,  or 
a  part  of  it,  is  converted  into  fibrina,  it  is  impossible  to 
say :  we  are  not  sufficiently  acquainted  with  the  sub- 
ject to  be  able  to  explain  the  process.  But  we  can  see 
at  least,  that  carbon  and  hydrogen  must  be  abstracted 
from  that  part  of  the  chyle  which  is  to  be  convened  in- 
to fibrina ;  and  we  know,  that  these  substances  are  ac- 
tually thrown  out  by  respiration.  We  may  conclude, 
then,  that  one  use  of  the  air  absorbed  is  to  abstract  * 
quantity  of  carbon  and  hydrogen  from  a  part  of  the 
chyle  by  compound  affinity,  in  such  proportions  that 
the  remainder  becomes  fibrina:  therefore  one  end  of  re- 
spiration is  to  form  fibrina.  Doubtless  the  other  in- 
gredients of  the  blood  are  also  new  modified,  though 
we  know  too  little  of  the  subject  to  throw  any  hght 
upon  it. 
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But  the  complete  formation  of  blood  is  not  the  only    Chap.  III.^ 
advantage  gained  by  respiration:  the  temperature  of  all  Occasions 
animals  depends  upon  it.   It  has  been  long  known,  that  j^™1 
tthose  animals  which  do  not  breathe  have  a  temperature 
ibut  very  little  superior  to  the  medium  in  which  they 
live.    This  is  the  case  with  fishes  and  many  insects. 
AMari,  on  the  contrary,  and  quadrupeds  which  breathe, 
ave  a  temperature  considerably  higher  than  the  atmo- 
sphere :  that  of  man  is  98  °.    Birds,  who  breathe  in 
iroportion  a  still  greater  quantity  of  air  than  man,  have 
1  temperature  equal  to  1030  or  1040.    It  has  been 
•roved,  that  the  temperature  of  all  animals  is  propor- 
ional  to  the  quantity  of  air  which  they  breathe  in  a  gi- 
ven time. 

These  facts  are  sufficient  to  demonstrate,  that  the 
[•.eat  of  animals  depends  upon  respiration.  But  it  was 
i..ot  till  Dr  Black's  doctrine  of  latent  heat  became  known 
the  world,  that  any  explanation  of  the  cause  of  the 
imperature  of  breathing  animals  was  attempted.  That 
uscrious  philosopher,  whose  discoveries  form  the  ba- 
is  upon  which  all  the  scientific  part  of  chemistry  has 
:en  reared,  saw  at  once  the  light  which  his  doctrine  of 
tent  heat  threw  upon  this  part  of  physiology,  and  he 
died  it  very  early  to  explain  the  temperature  of  ani- 
ials. 

According  to  him,  part  of  the  latent  heat  of  the  air  Dr  Black's 
spired  becomes  sensible  ;  and  of  course  the  tempera-  th°°  5" 
ire  of  the  lungs,  and  the  blood  that  passes  through 
iem,  must  be  raised;  and  the  bloody  thus  heated,  com- 
unicates  its  heat  to  the  whole  body.    This  opinion 
Mas  ingenious,  but  it  was  liable  to  an  unanswerable  ob- 
[  :tion:  for  if  it  were  true,  the  temperature  of  the  body 
|io-ht  to  be  greatest  in  the  lungs,  and  to  diminish  gra- 
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Book  V.  dually  as  the  distance  from  the  lungs  increases  ;  whith 
is  not  true.  The  theory,  in  consequence,  was  aban- 
doned even  by  Dr  Black  himself;  at  least  he  made  no 
attempt  to  support  it. 

Theory  of  Lavoisier  and  Crawford,  who  considered  all  the 
.Lavoisier 

and  Craw-    changes  operated  by  respiration  as  taking  place  in  the 
lungs,  accounted  for  the  origin  of  the  animal  heat  al- 
most precisely  in  the  same  manner  with  Dr  Black.  Ac- 
cording to  them,  the  oxygen  gas  of  the  air  combines  in 
the  lungs  with  the  hydrogen  and  carbon  emitted  by  the 
'  blood.    During  this  combination,  the  oxygen  gives  out 
a  great  quantity  of  caloric,  with  which  it  had  been  com- 
bined; and  this  caloric  is  not  only  sufficient  to  support 
the  temperature  of  the  body,  but  also  to  carry  off  the 
new  formed  water  in  the  state  of  vapour,  and  to  raise 
considerably  the  temperature  of  the  air  inspired.  Ac- 
cording to  these  philosophers,  then,  the  whole  of  the 
caloric  which  supports  the  temperature  of  the  body  is 
evolved  in  the  lungs.    Their  theory  accordingly  was 
liable  to  the  same  objection  with  Dr  Black's ;  but  they 
obviated  it  in  the  following  manner:   Dr  Crawford 
found,  that  the  specific  caloric  of  arterial  blood  was 
1.0300,  while  that  of  veinous  blood  was  only  0.8928. 
Hence  he  concluded,  that  the  instant  veinous  blood  is 
changed  into  arterial  blood,  its  specific  caloric  increases; 
consequently  it  requires  an  additional  quantity  of  calo- 
ric to  keep  its  temperature  as  high  as  it  had  been  whin 
veinous  blood.     This  addition  is  so  great,  that  the 
whole  new  caloric  evolved  is  employed :  therefore  the 
temperature  of  the  lungs  must  necessarily  remain  the 
same  as  that  of  the  rest  of  the  body.    During  the  cir- 
culation, arterial  blood  is  gradually  converted  into 
veinous  ;  consequently  its  specific  caloric  diminishes, 
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imd  it  must  give  out  heat.    This  is  the  reason  that  the  ,  chaP-  IILi 
::emperature  of  the  extreme  parts  of  the  body  does  not 
Hminish. 

This  explanation  is  certainly  ingenious;  but  it  is  not 
luxate  satisfactory ;  for  the  difference  in  the  specific  calo- 
ic,  granting  it  to  be  accurate,  is  too  small  to  account 
Vor  the  great  quantity  of  heat  which  must  be  evofued. 
it  is  evident  that  it  must  fall  to  the  ground  altogether, 
provided,  as  we  have  seen  reason  to  suppose,  that  the 
arbonic  acid  gas  and  water  are  not  formed  in  the  lungs, 
>ut  during  the  circulation. 

Since  the  air  enters  the  blood,  and  combines  with  it  Heat  evol- 
n  the  state  of  gas,  it  is  evident  that  it  will  only  part  at  the  ch-cula- 
rst  with  some  of  its  caloric  ;  and  this  portion  is  chiefly  tlon* 
imployed  in  carrying  off  the  carbonic  acid  gas,  the  azo- 
iic  gas,  and  the  water.    For  the  reason  that  the  carbo- 
Lie  acid  leaves  the  blood  at  the  instant  that  the  air  en- 
esrs  it,  seems  to  be  this  :  The  air  combines  with  the 
Hood,  and  part  of  its  caloric  unites  at  the  same  instant 
the  carbonic  acid,  and  converts  it  into  gas :  another 
tortion  converts  the  water  into  vapour.    The  rest  of 
le  caloric  is  evolved  during  the  circulation  when  the 
xygen  of  the  air  combines  with  hydrogen  and  carbon, 
id  forms  water  and  carbonic  acid  gas.    The 'quantity 
f  caloric  evolved  in-  the  lungs  seems  not  only  sufficient 
i)  carry  off  the  carbonic  acid  and  water,  which  the  di- 
linution  of  the  specific  caloric  (if  it  really  take  place) 
mst  facilitate;  but  it  seems  also  to  raise  the  tempera- 
ure  of  the  blood  a  little  higher  than  it  was  before, 
or  Mr  John  Hunter  constantly  found,  that  the  heat 
T  the  heart  in  animals  was  a  degree  higher  than  any 
:her  part  of  the  body  which  he  examined.    Now  this 
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.  Bo°k  v',  could  scarcely  happen,  unless  the  temperature  of  the 

blood  were  somewhat  raised  during  respiration. 

Supports         Thus  we  have  seen  two  uses  which  respiration  seems 
the  circula- 
tion, to  serve.    The  first  is  the  completion  of  blood  by  the 

formation  of  fibrina;  the  second  is  the  maintaining  of 
the  temperature  of  the  body  at  a  particular  standard, 
notwithstanding  the  heat  which  it  is  continually  giving 
out  to  the  colder  surrounding  bodies.  But  there  is  a 
third  purpose,  which  explains  why  the  animal  is  killed 
so  suddenly  when  respiration  is  stopped.  The  circula- 
tion of  the  blood  is  absolutely  necessary  for  the  conti- 
nuance of  life.  Now  the  blood  is  circulated  in  a  great 
measure  by  the  alternate  contractions  of  the  heart.  It 
is  necessary  that  the  heart  should  contract  regularly, 
otherwise  the  circulation  could  not  go  on.  But  the 
heart  is  stimulated  to  contract  by  the  blood :  and  un- 
less blood  be  made  to  undergo  the  change  produced  by 
respiration,  it  ceases  almost  instantaneously  to  stimulate. 
As  the  blood  receives  oxygen  in  the  lungs,  we  may 
conclude  that  the  presence  of  oxygen  is  necessary  to  its 
stimulating  power*. 


SECT.  III. 

OF  THE  ACTION  OF  THE  KIDNEYS. 

Thus  we  have  reason  to  suppose,  that  chyle  and 
lymph  are  converted  into  blood  during  the  circulation ; 
and  that  the  oxygen  gas  supplied  by  respiration  is  one 


*  Girtanncr,  Jour,  de  Fhys.  ixxix. 
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of  the  principal  agents  in  this  exchange.  But  besides  the  Chap,  nr.  ^ 
lungs  and  arteries,  there  is  another  organ,  the  sole  use 
of  which  is  also  to  produce  some  change  or  other  in 
the  blood,  which  renders  it  more  complete,  and  more 
proper  for  the  various  purposes  to  which  it  is  applied. 
This  organ  is  the  kidney. 

A  very  great  proportion  of  blood  passes  through  the 
kidneys;  indeed  we  have  every  reason  to  conclude  that 
the  whole  of  the  blood  passes  through  them  very  fre- 
quently. These  organs  separate  the  urine  from  the 
blood,  to  be  afterwards  evacuated  without  being  applied 
to  any  purpose  useful  to  the  animal. 

The  kidneys  are  absolutely  necessary  for  the  conti-  ^{^"J 
nuance  of  the  life  of  the  animal;  for  it  dies  very  spee-  necessary, 
dily  when  they  become  by  disease  unfit  to  perform  their 
functions  :  therefore  the  change  which  they  produce  in 
the  blood  is  a  change  necessary  for  qualifying  it  to 
.answer  the  purposes  for  which  it  is  intended. 

As  the  urine  is  immediately  excreted,  it  is  evident  ft  changes 
that  the  change  which  the  kidneys  perform  is  intended  of^he111™ 
solely  for  the  sake  of  the  blood.    It  is  not  merely  the  blooc1, 
abstraction  of  a  quantity  of  water  and  of  salts,  accu- 
mulated in  the  blood,  which  the  kidney  perforins.  A 
chemical  change  is  certainly  produced,  either  upon 
the  whole  blood,  or  at  least  on  some  important  part  of 
it ;  for  there  are  two  substances  found  in  the  urine 
which  do  not  exist  in  the  blood.  These  two  substances 
are  urea  and  uric  acid.    They  are  formed,  therefore, 
in  the  kidneys;  and  as  they  are  thrown  out,  after  being 
formed,  without  being  applied  to  any  useful  purpose, 
they  are  certainly  not  formed  in  the  kidneys  for  their 
own  sake.    Some  part  of  the  blood,  then,  must  be  de- 
composed in  the  kidney,  and  a  new  substance,  or  new 
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Book  v.  substances,  must  be  formed ;  and  the  urea  and  uric  acid 
must  be  formed  at  the  same  time,  in  consequence  of  the 
combined  action  of  the  affinities  which  produce  the 
change  on  the  blood ;  and  being  useless,  they  are 
thrown  out  together  with  a  quantity  of  water  and  salts, 
which,  in  all  probability,  were  useful  in  bringing  about 
the  changes  which  take  place  in  the  arteries  and  in  the 
kidneys,  but  which  are  no  longer  of  any  service  after 
these  changes  are  brought  about. 

The  changes  operated  upon  the  blood  in  the  kidneys 
are  at  present  altogether  unknown ;  but  they  must  be 
important.  Provided  the  method  of  analysing  animal 
substances  were  so  far  perfected  as  to  admit  of  accurate 
conclusions,  considerable  light  might  be  thrown  upon 
this  subject,  by  analysing  with  care  a  portion  of  blood 
from  the  emulgent  vein  and  artery  separately,  an<5  ascer- 
taining precisely  in  what  particulars  they  differ  from 
each  other. 


SECT.  IV. 

OF  PERSPIRATIOX. 

Thus  we  have  seen  that  the  principal  changes  which 
the  blood  undergoes,  as  far  at  least  as  we  are  at  pre- 
sent acquainted  with  them,  take  place  in  the  lungs,  in 
the  kidneys,  and  in  the  arteries.  In  the  lungs,  a  quan- 
tity of  water  and  carbonic  acid  gas  is  emitted  from  the 
blood ;  and  in  the  kidney,  the  urine  is  formed  and  se- 
parated from  it.  There  seems  also  to  be  something 
thrown  out  from  the  blood  during  its  circulation  in  the 
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arteries,  at  least  through  those  vessels  which  are  near  Chap, 
the  surface  of  the  body  ;  for  it  is  a  fact,  that  certain 
substances  are  constantly  emitted  from  the  skins  of  ani- 
mals. These  substances  are  known  in  general  by  the 
name  of  perspirable  matter,  ox  perspiration.  They  have 
a  great  resemblance  to  what  is  emitted  in  the  lungs ; 
which  renders  it  probable  that  both  excretions  are  ow- 
ing to  the  same  cause;  nanlely,  to  the  decomposition 
produced  in  the  blood  by  the  effects  of  respiration. 

Many  experiments  have  been  made  to  ascertain  the  Quant 
quantity  of  matter  perspired  through  the  skin.  For  PersPu 
the  first  set,  and  not  the  least  remarkable,  we  are  in- 
debted to  Sanctorius ;  who  continued  them  for  no  less 
than  30  years.  He  ascertained  his  own  weight  and  the 
weight  of  his  food  ;  and  whatever  weight  he  lost  over 
and  above  that  of  his  excrements,  he  ascribed  to  per- 
spiration. A  similar  set  of  experiments  was  afterwards 
made  in  Francs  by  Dodart ;  in  England  by  Keil ;  in  Ire- 
land by  Bryan  Robertson  and  Rye  ;  and  in  Carolina 
by  Lining,  The  result  of  all  these  experiments  has 
been  collected  by  Haller ;  but  it  gives  us  no  precise  esti- 
mate of  the  amount  of  the  transpiration,  since  these 
philosophers  have  not  distinguished  between  what  is  •  > 
lost  by  the  skin  and  by  the  lungs.  Lavoisier  and  Se- 
guin  alone  have  attempted  to  ascertain  the  amount  of 
the  matter  perspired  through  the  skin.  A  bag  com. 
posed  of  varnished  silk,  and  perfectly  air-tight,  was  pro- 
cured, within  which  Seguin,  who  was  usually  the  sub- 
ject of  experiment,  was  enclosed,  and  the  bag  was  closed 
exactly  over  his  head.  There  was  a  slit  in  the  bag  op- 
posite to  his  mouth,  and  the  edges  of  this  slit  were  ac- 
curately cemented  round  the  mouth  by  means  of  a  mix- 
ture of  turpentine  and  pitch.  Thus  every  thing  emitted 
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Eo°k  v'  by  the  body  was  retained  in  the  bag,  except  what  made 
its  escape  from  the  lungs  by  respiration.  By  weighing 
himself  in  a  delicate  balance  at  the  commencement  of 
the  experiment,  and  again  after  he  had  continued  for 
some  time  in  the  bag,  the  quantity  of  matter  carried  off 
by  respiration  was  ascertained.  By  weighing  himself 
without  this  varnished  covering,  and  repeating  the  ope- 
ration after  the  same  interval  of  time  had  elapsed  as  in 
the  former  experiment,  he  ascertained  the  loss  of  weight 
occasioned  by  perspiration  and  respiration.  By  sub- 
tracting from  this  sum  the  loss  of  weight  indicated  by 
the  first  experiment,  he  obtained  the  quantity  of  matter 
which  made  its  escape  by  perspiration  in  a  given  time. 
The  following  facts  were  ascertained  by  these  experi- 
ments : 

1.  The  maximum  of  matter  perspired  in  a  minute 
amounted  to  26.25  grains  troy  ;  the  minimum  to  9 
grains:  which  gives  17.63  grains  at  a  medium  in  the 
minute,  or  52.89  ounces  in  the  24  hours.  This  quan- 
tity differs  less  than  might  have  been  expected  from  the 
result  of  former  experiments  made  by  Dodart,  KeiJ, 
Rye,  &c. 

2.  The  quantity  perspired  is  increast  1  by  drink,  but 
not  by  solid  food. 

3.  Perspiration  is  at  its  minimum  immediately  after 
a  repast.    It  reaches  its  maximum  during  digestion  *. 

The  quantity  of  matter  perspired  differs  very  consi- 
derably according  to  circumstances.  It  has  been  shewn 
to  be  greatest  in  hot  weather,  and  in  hot  climates,  and 
after  great  exercise  ;  and  its  relation  to  the  quantity  of 
urine  has  been  long  known.    When  the  matter  per* 


*  Fourcroy,  ix.  198. 
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perspired  is  great,  the  quantity  of  urine  is  small,  and  ChaP- 
vice  versa. 

To  ascertain  the  substances  thus  emitted  by  per;pi-  Substanow 
ration  is  a  difficult  task,  because  it  passes  off  invisibly, 
and  in  small  quantities  at  a  time.  It  has,  notwithstand- 
ing, been  ascertained  that  water,  carbon,  and  an  oily 
matter,  are  emitted  ;  and  that  an  acid,  supposed  to  be 
the  phosphoric,  phosphat  of  lime,  and  even  urea,  are 
sometimes  emitted  through  the  skin. 

i .  The  most  accurate  experiments  on  this  matter  that  ¥«  Watts, 
have  been  made  are  those  of  Mr  Cruickshank.  He 
put  his  hand  into  a  glass  vessel,  and  luted  its  mouth  at 
his  wrist  by  means  of  a  bladder.  The  interior  surface 
of  the  vessel  became  gradually  dim$  and  drops  of  water 
trickled  down.  By  keeping  his  hand  in  this  manner 
for  an  hour,  he  collected  30  grains  of  a  liquid,  which 
possessed  all  the  properties  of  pure  water*.  On  re- 
peating the  same  experiment  at  nine  in  the  evening 
(thermometer  62  °),  he  collected  only  12  grains.  The 
mean  of  these  is  21  grains.  But  as  the  hand  is  more 
exposed  than  the  trunk  of  the  body,  it  is  reasonable  to 
suppose  that  the  perspiration  from  it  is  greater  than 
that  from  the  hand.  Let  us  therefore  take  30  grains 
per  hour  as  the  mean  ;  and  let  us  suppose,  with  Mr 
Cruickshank,  that  the  hand  is  ^th  of  the  surface  of 
the  body.  The  perspiration  in  an  hour  would  amount 
to  i8co  grains,  and  in  24  hours  to  432CO  grains,  or  f 
pounds  6  ounces  troy.  This  is  almost  double  of  the 
quantity  ascertained  by  Lavoisier  and  Scguin.  Hence 
we  may  conclude  that  more  matter  is  perspired  through 
the  hand  than  the  other  parts  of  the  body,  provided  Mr 


*  On  Imeniillc  Perspiration,  68. 
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'k  v-    Cruickshank's  estimate  of  the  ratio  between  the  surface 
of  the  hand  and  body  be  not  erroneous. 

He  repeated  the  experiment  again  after  hard  exer- 
cise, and  collected  in  an  hour  48  grains  of  water*.  He 
found  also,  that  this  aqueous  vapour  pervaded  his  stock- 
1  ing  without  difficulty  ;  and  that  it  made  its  way  through 
a  shamoy  leather  glove,  and  even  through  a  leather  boot, 
though  in  much  smaller  quantity  than  when  the  leg 
wanted  that  covering f. 

It  is  not  difficult  to  see  why  the  quantity  of  watery 
vapour  diminishes  with  cold.  When  the  surface  of  the 
body  is  exposed  to  a  cold  temperature,  the  capacity  of 
the  cutaneous  vessels  diminishes,  and  consequently  the 
quantity  which  flows  through  them  must  decrease. 

When  the  temperature,  on  the  other  hand,  is  much 
increased,  either  by  being  exposed  to  a  hot  atmosphere, 
or  by  violent  exercise,  the  perspired  vapour  not  only 
increases  in  quantity,  but  even  appears  in  a  liquid  form. 

Sweat.  This  is  known  by  the  name  of  sweat.  In  what  man- 
ner sweat  is  produced,  is  not  at  present  known  ;  but  we 
can  see  a  very  important  service  which  it  performs  to 
the  animal.  No  sooner  is  it  thrown  upon  the  surface 
of  the  skin  than  it  begins  to  evaporate.  But  the  change 
into  vapour  requires  heat ;  accordingly  a  quantity  of 
heat  is  absorbed,  and  the  temperature  of  the  animal  is 
lowered.  This  is  the  reason  that  animals  can  endure 
to  remain  for  some  time  in  a  much  higher  temperature 
without  injury  than  could  have  been  supposed. 

The  experiments  of  Tillet,  and  the  still  more  deci- 
sive experiments  of  Fordyce  and  his  associates,  are  well 
known.  These  gentlemen  l'emained  a  considerable  time 
in  a  temperature  exceeding  the  boiling  point  of  water. 


*  On  Insensible  Perspiration,  p.  70.  \  Ibid.  p.  8*. 
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2.  Besides  water,  it  cannot  be  doubted  that  carbon  is  Chap. in. 
also  emitted  from  the  skin  ;  but  in  what  state,  the  ex-  ^  Carbon, 
periments  hitherto  made  do  not  enable  us  to  decide. 
Mr  Cruikshank  found  that  the  air  of  the  glass  vessel  in 
which  his  hand  and  foot  had  been  confined  for  an  hour 
contained  carbonic  acid  gas  ;  for  a  candle  burned  dimly 
in  it,  and  it  rendered  lime-water  turbid*.  And  Mr 
Jnnne  found  that  air  which  had  remained  for  some 
time  in  contact  with  the  skin  consisted  almost  entirely 
of  carbonic  acid  gas  f.  The  same  conclusion  may  be 
drawn  from  the  expeiiments  of  Ingenhousz  and  Millyt. 

Now  it  is  evident,  that  the  carbonic  acid  gas  which 
appeared  during  Mr  Cruickshank's  experiment  did  not 
previously  exist  in  the  glass  vessel ;  consequently  it 
must  have  either  been  transmitted  ready  formed  through 
the  skin,  or  formed  during  the  experiment  by  the  ab- 
sorption of  oxygen  gas,  and  the  consequent  emission  of 
carbonic  acid  gas.  The  experiments  of  Mr  J  urine  do 
not  allow  us  to  suppose  the  first  of  these  to  be  true  ; 
for  he  found  that  the  quantity  of  air  allowed  to  remain 
in  contact  with  the  Skin  did  not  increase.  Consequently 
the  appearance  of  the  carbonic  acid  gas  must  be  owing, 
either  to  the  emission  of  carbon,  which  forms  carbonic 
acid  gas  by  combining  with  the  oxygen  gas.  of  the  air, 
or  to  the  absorption  of  oxygen  gas,  and  the  subsequent 
emission  of  carbonic  acid  gas  ;  precisely  in  the  same 
manner,  and  for  the  same  reason,  that  these  substances 
are  emitted  by  the  lungs.  The  last  is  the  more  pro- 
bable opinion  ;  but  the  experiments  hitherto  made  do 
not  enable  us  to  decide. 


•  On  Imensiblc  Persp  rjtion,  p.  70.  and  8l. 

f  Encjc  Mdb.  Med.  i.  515.  t  Ibid.  p.  511. 
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3.  Ari  oily 
matter. 


4.  An  acid, 
and 

Phosphat 
of  lime  and 
area  in  qua- 
drupeds. 


3.  Besides  water  and  carbon,  or  carbonic  acid  gas,  the 
skin  emits  also  a  particular  odorous  substance.  That 
every  animal  has  a  peculiar  smell,  is  well  known  :  the 
dog  can  discover  his  master,  and  even  trace  him  to  a 
distance  by  the  scent.    A  dog,  chained  some  hours  af- 
ter his  master  had  set  out  on  a  journey  of  some  hundred 
miles,  followed  his  footsteps  by  the  smell,  and  found 
him  on  the  third  day  in  the  midst  of  a  crowd*.  But 
it  is  needless  to  multiply  instances  of  this  fact  ;  they 
are  too  well  known  to  every  one.  Now  this  smell  must 
be  owing  to  some  peculiar  matter  which  is  constantly 
emitted ;  and  this  matter  must  differ  somewhat  either 
in  quantity  or  some  other  property,  as  we  see  that  the 
dog  easily  distinguishes  the  individual  by  means  of  it. 
Mr  Cruickshank  has  made  it  probable  that  this  matter 
is  an  oily  substance  ;  or  at  least  that  there  is  an  oily 
substance  emitted  by  the  skin.    He  wore  repeatedly, 
night  and  day  for  a  month,  the  same  vest  of  fleecy  ho- 
siery during  the  hottest  part  of  the  summer.    At  the 
end  of  this  time  he  always  found  an  oily  substance  ac- 
cumulated in  considerable  masses  <m  the  nap  of  the  in- 
ner surface  of  the  vest,  in  the  form  of  black  tears. 
When  rubbed  on  paper,  it  makes  it  transparent,  and 
hardens  on  it  like  grease.    It  burns  with  a  white  flame, 
and  leaves  behind  it  a  charry  residuumf. 

4.  Berthollet  has  observed  the  perspiration  acid;  and 
he  has  concluded  that  the  acid  which  is  present  is  the 
phosphoric  :  but  that  has  not  been  proved.  Fourcroy 
and  Vauquelin  have  ascertained  that  the  scurf  which 
collects  upon  the  skins  of  horses  consists  chiefly  of  phos- 
phat of  lime,  and  urea  is  even  sometimes  mixed  with 


•  Cruickshank  on  Iniensible  Perforatum,  p.  93.         f  Ibid.  p.  92. 
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it.    It  is  well  known  that  the  sweat  has  a  salt  taste  ;    Chap. Ill 
but  hitherto  it  has  not  been  analysed,  though  it  proba- 
bly differs  from  the  transpiration. 

It  has  been  supposed  that  the  skin  has  the  property 
of  absorbing  moisture  from  the  air  ;  but  this  opinion  has 
not  been  confirmed  by  experiments,  but  rather  the  con- 
trary. 

The  chief  arguments  in  favour  of  the  absorption  of  Whether 
the  skin,  have  been  drawn  from  the  quantity  of  mois-  absorbs1 
ture  discharged  by  urine  being,  in  some  cases,  not  only  moisture, 
greater  than  the  whole  drink  of  the  patient,  but  even 
than  the  whole  of  his  drink  and  food.  But  it  ought  to 
be  remembered  that,  in  diabetes,  the  disease  here  allu- 
ded to,  the  weight  of  the  body  is  continually  diminish- 
ing, and  therefore  part  of  it  must  be  constantly  thrown 
off.  Besides,  it  is  scarcely  possible  in  that  disease  to 
get  an  accurate  account  of  the  food  swallowed  by  the 
patients  ;  and  in  those  cases  where  very  accurate  ac- 
counts have  been  kept,  and  where  deception  was  not  so 
much  practised,  the  urine  was  found  not  to  exceed  the 
quantity  of  drink  *.  In  a  case  of  diabetes,  related  with 
much  accuracy  by  Dr  Gerard,  the  patient  was  bathed 
regularly  during  the  early  part  of  the  disease  in  warm 
water,  and  afterwards  in  cold  water  :  he  was  weighed 
before  and  after  bathing,  and  no  sensible  difference  was 
ever  found  in  his  weight  f.  Consequently,  in  that  case, 
the  quantity  absorbed,  if  any,  must  have  been  very 
small. 

It  is  well  known  that  thirst  is  much  alleviated  by 
cold  bathing.    By  this  plan,  Captain  Bligh  kept  his 


*  See  Rollo  on  Diabetes. 
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other  sub- 
stances. 


men  cool  and  in  good  health  during  their  very  extraor- 
dinary voyage  across  the  South  Sea.  This  has  been 
considered  as  owing  to  the  absorption  of  water  by  the 
skin.  But  Dr  Currie  had  a  patient  who  was  wasting 
fast  for  want  of  nourishment,  a  tumor  in  the  oesophagus 
preventing  the  possibility  of  taking  food,  and  whose 
thirst  was  always  alleviated  by  bathing  ;  yet  no  sen- 
sible increase  of  weight,  but  rather  the  contrary,  was 
perceived  after  bathing.  It  does  not  appear,  then,  that 
in  either  of  these  cases  water  was  absorbed. 

Farther,  Seguin  has  shewn  that  the  skin  does  not  ab- 
sorb water  during  bathing,  by  a  still  more  complete  ex- 
periment :  He  dissolved  some  mercurial  salt  in  water, 
and  found  that  the  mercury  produced  no  effect  upon  a 
person  that  bathed  in  the  water,  provided  no  part  of 
the  cuticle  was  injured  ;  but  upon  rubbing  off  a  por- 
tion of  the  cuticle,  the  mercurial  solution  was  absorbed, 
and  the  effects  of  the  mercury  became  evident  upon  the 
body.  Hence  it  follows  irresistibly,  that  water,  at  least 
in  the  state  of  water,  is  not  absorbed  by  the  skin  when 
the  body  is  plunged  into  it  unless  the  cuticle  be  first 
removed. 

This  may  perhaps  be  considered  as  a  complete  proof 
that  no  such  thing  as  absorption  is  performed  by  the 
skin  ;  and  that  therefore  the  appearance  of  carbonic 
acid  gas,  which  takes  place  when  air  is  confined  around 
the  skin,  must  be  owing  to  the  emission  of  carbon.  But 
it  ought  to  be  considered,  that  although  the  skin  can- 
not absorb  water,  this  is  no  proof  that  it  cannot  absorb 
other  substances  ;  particularly  that  it  cannot  absorb 
oxygen  gas,  which  is  very  different  from  water.  It  is 
well  known  that  water  will  not  pass  through  bladders, 
at  least  for  some  time  :  Vet  Dr  Priestley  found  that 


PERSPIRATION. 


5'3 


einous  blood  acquired  the  colour  of  arterial  blood  from  ,  ^haP-  m- 
>xygen  gas,  as  readily  when  these  substances  were  se- 
rrated by  a  bladder  as  when  they  were  in  actual  con- 
act.    He  found,  too,  that  when  gases  were  confined  in 
'ladders,  they  gradually  lost  their  properties.    It  is 
lear  from  these  facts,  that  oxygen  gas  can  pervade 
Madders  ;  and  if  it  can  pervade  them,  why  may  it  not 
I  .'so  pervade  the  cuticle  ?  Nay,  farther,  we  know  from 
We  experiments  of  Cruikshank,  that  the  vapour  per- 
)ircd  passes  through  leather,  even  when  prepared  so 
•>  to  keep  out  moisture,  at  least  for  a  certain  time.  It 
possible,  then,  that  water,  when  in  the  state  of  va- 
)ur,  or  when  dissolved  in  air,  may  be  absorbed,  al- 
ough  water,  while  in  the  state  of  water,  may.be  in- 
ipable  of  pervading  the  cuticle.    The  experiments^ 
crefore,  which  have  hitherto  been  made  upon  the  ab- 
rption  of  the  skin,  are  insufficient  to  prove  that  air 
d  vapour  cannot  pervade  the  cuticle,  provided  there 
any  facts  to  render  the  contrary  supposition  pro- 
Ible. 

Now  that  there  are  such  facts  cannot  be  denied.  I 
nil  not  indeed  produce  the  experiment  of  Van  Mons 
a  fact  of  that  kind,  because  it  is  liable  to  objections, 
il  at  best  is  very  indecisive.    Having  a  patient  under 
care  who,  from  a  wound  in  the  throat,  was  inca- 
se for  several  days  of  taking  any  nourishment,  he 
m  him  alive  during  that  time,  by  applying  to  the 
in  in  different  parts  of  the  body,  several  times  a  day, 
ponge  dipt  in  wine  or  strong  soup*.    A  fact  men- 
ned  by  Dr  Watson  is  much  more  important,  and 
<ch  more  decisive.    A  lad  at  Newmarket,  who  had 
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*  Phil.  Mag.  vi.  95. 
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Book  V.  been  almost  starved  in  order  to  bring  bim  down  to  stun 
a  weight  as  would  qualify  him.  for  running  a  horse  race, 
was  weighed  in  the  morning  of  the  race  day ;  he  was 
weighed  again  just  before  the  race  began,  and  was  found 
to  have  gained  30  ounces  of  weight  since  the  morning; 
yet  in  the  interval  he  had  only  taken  a  single  glass  of 
wine.  Here  absorption  must  have  taken  place,  either 
by  the  skin,  or  lungs,  or  both.  The  difficulties  in  either 
case  are  the  same  ;  and  whatever  renders  absorption  by 
one  probable,  will  equally  strengthen  the  probability 
that  absorption  takes  place  by  the  other*. 


SECT.  V. 


OF  ASSIMILATION. 


Blood  an- 
swers two 
purposes. 
1.  Supplies 
the  waste 
of  the  sy- 
stem. 


"We  have  now  seen  the  progress  of  digestion,  and  the 
formation  of  blood,  as  far  at  least  as  we  are  acquainted 
with  it.  But  to  what  purposes  is  this  blood  employed, 
which  is  formed  with  so  much  care,  and  for  the  forma- 
tion of  which  so  great  an  apparatus  has  been  provided? 
It  answers  two  purposes.  The  parts  of-which  the  body 
is  composed,  bones,  muscles,  ligaments,  membranes,  Sec. 
are  continually  changing.  In  youth  they  are  increasing 


*  The  Abbe  Fontana  also  found  that,  after  walking  in  mcist  air  for 
an  hour  or  two,  he  returned  home  some  ounces  heavier  than  he  went 
out,  notwithstanding  he  had  suffered  considerable  evacuation  from  a 
brisk  purge  purposely  taken  for  the  experiment.  This  increase,  indeed, 
might  be  partly  accounted  for  by  the  absorption  of  moisture  by  h>» 
clothes. 
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in  size  and  strength,  and  in  mature  age  they  are  conti-  Chap.  III. 
nually  acting,  and  consequently  continually  liable  to 
waste  and  decay.  They  are  often  exposed  to  accidents, 
which  render  them  unfit  for  performing  their  various 
functions  ;  and  even  when  no  such  accident  happens,  it 
seems  necessary  for  the  health  of  the  system  that  they 
should  be  every  now  and  then  renewed.  Materials 
therefore  must  be  provided  for  repairing,  increasing,  or 
renewing  all  the  various  organs  of  the  body.  Phosphat 
of  lime  and  gelatine  for  the  bones,  fibrina  for  the  mus- 
cles, albumen  for  the  cartilages  and  membranes,  &-c. 
Accordingly  all  these  substances  are  laid  up  in  the 
blood ;  and  they  are  drawn  from  that  fluid  as  from  a 
storehouse  whenever  they  are  required.  The  process  Assimila? 
by  which  the  different  ingredients  of  the  blood  are  tlon* 
made  part  of  the  various  organs  of  the  body  is  called 

ASSIMILATION. 

Over  the  nature  of  assimilation  the  thickest  darkness 
still  hangs  ;  there  is  no  key  to  explain  it,  nothing  to 
lead  us  to  the  knowledge  of  the  instruments  employed. 
Facts,  however,  have  been  accumulated  in  sufficient 
numbers  to  put  the  existence  of  the  process  beyond  the 
reach  of  doubt.  The  healing,  indeed,  of  every  fractu- 
red bone,  and  every  wound  of  the  body,  is  a  proof  of 
its  existence,  and  an  instance  of  its  action. 

Every  organ  employed  in  assimilation  has  a  peculiar  Every  assi- 
(office  ;  and  it  always  performs  this  office  whenever  it  ga^pro^" 
lhas  materials  to  act  upon,  even  when  the  performance  ^"charge" 
cof  it  is  contrary  to  the  interest  of  the  animal.  Thus 
tthe  stomach  always  converts  food  into  chyme,  even 
when  the  food  is  of  such  a  nature  that  the  process  of 
idigestion  will  be  retarded  rather  than  promoted  by  the 
ichange.    If  waym  milk,  for  instance,  or  warm  blood, 
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Book  V.    be  thrown  int0  the  stomach,  they  are  always  decompo- 
t       sed  by  that  organ,  and  converted  into  chyme;  yet  these 
substances  are  much  more  nearly  assimilated  to  the  ani- 
mal before  the  action  of  the  stomach  than  after  it.  The 
same  thing  happens  when  we  eat  animal  food. 

And  no  On  the  other  hand,  a  substance  introduced  into  an  or- 

other.  ...       .  . 

gan  employed  in  assimilation,  if  it  has  undergone  pre- 
cisely the  change  which  that  organ  is  fitted  to  produce, 
is  not  acted  upon  by  that  organ,  but  passed  on  unalter- 
ed to  the  next  assimilating  organ.  Thus  it  is  the  office 
of  the  intestines  to  convert  chyme  into  chyle.  Accord- 
ingly, whenever  chyme  is  introduced  into  the  intestines, 
,  they  perform  their  office,  and  produce  the  usual  change; 
but  if  chyle  itself  be  introduced  into  the  intestines,  it  is 
absorbed  by  the  lacteals  without  alteration.  The  expe- 
riment, indeed,  has  not  been  tried  with  true  chyle,  be- 
cause it  is  scarce  possible  to  procure  it  in  sufficient 
quantity;  but  when  milk,  which  resembles  chyle  pretty 
accurately,  is  thrown  into  the  jejunum,  it  is  absorbed 
unchanged  by  the  lacteals*. 

Again,  the  office  of  the  blood-vessels,  as  assimilating 
organs,  is  to  Convert  chyle  into  blood.  Clvyle,  accord- 
ingly, cannot  be  introduced  into  the  arteries  without 
undergoing  that  change  ;  but  blood  may  be  introduced 
from  another  animal  without  any  injury,  and  conse- 
quently without  undergoing  any  change.  This  expe- 
riment was  first  made  by  Lower,  and  it  has  since  been 
very  often  repeated. 

Also,  if  a  piece  of  fresh  muscular  flesh  be  applied  to 
the  muscle  of  an  animal,  they  adhere  and  incorporate 
without  any  change,  as  has  been  sufficiently  established 
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by  the  experiments  of  Mr  J.  Hunter.  And  Buvina  has  t  chaP-  in-[ 
ascertained,  that  fresh  bone  may,  in  the  same  manner, 
be  engrafted  on  the  bones  of  animals  of  the  same  or  of 
I  different  species  *. 

In  short,  it  seems  to  hold,  at  least  as  far  as  cxperi-  Foreign 
iments  have  hitherto  been  made,  that  foreign  substances  maTbeTn- 
may  be  incorporated  with  these  of  the  body,  provided  corporated 
.they  be  precisely  of  the  same  kind  with  those  to  which  body. 
;they  are  added,  whether  fluid  or  solid.    Thus  chyle 
may  be  mixed  with  chyle,  blood  with  blood,  muscle 
with  muscle,  and  bone  with  bone.  The  experiment  has 
not  been  extended  to  the  other  animal  substances,  the 
merves,  for  instance  ;  but  it  is  extremely  probable  that 
i it  would  hold  with  respect  to  them  also. 

On  the  other  hand,  when  substances  are  introduced 
iinto  any  part  of  the  body  which  are  not  the  same  with 
that  part,  nor  the  same  with  the  substance  upon  which 
tthat  part  acts,  provided  they  cannot  be  thrown  out 
rreadily,  they  destroy  the  part,  and  perhaps  even  the 
aanimal.  Thus  foreign  substances  introduced  into  the 
Iblood  very  soon  prove  fatal ;  and  introduced  into  wounds 
of  the  flesh  or  bones,  they  prevent  these  parts  from  heal- 
iing. 

Although  the  different  assimilating  organs  have  the  Powers  of 

,  .  .  .  .    the  assinii- 

ipower  or  changing  certain  substances  into  others,  ana  iatingor- 
rof  throwing  out  the  useless  ingredients,  yet  this  power  j-^j1" 
lis  not  absolute,  even  when  the  substances  on  which  they 
net  are  proper  for  undergoing  the  change  which  the 
organs  produce.  Thus  the  stomach  converts  food  into 
:;hyme,  the  intestines  chyme  into  chyle,  and  the  sub- 
I  stances  which  have  not  been  converted  into  chyle  are 
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thrown  out  of  the  body.  Tf  there  happen  to  be  pre- 
sent in  the  stomach  and  intestines  any  substance  which, 
though  incapable  of  undergoing  these  changes,  at  least  by 
the  action  of  the  stomach  and  intestines,  yet  has  a  strong 
affinity,  either  for  the  whole  chyme  and  chyle,  or  for 
some  particular  part  of  it,  and  no  affinity  for  the  sub- 
stances which  are  thrown  out,  that  substance  passes 
along  with  the  chyle,  and  in  many  cases  continues  tore- 
main  chemically  combined  with  the  substance  to  which 
it  is  united  in  the  stomach,  even  after  that  substance 
has  been  completely  assimilated,  and  made  a  part  of  the 
body  of  the  animal^  Thus  there  is  a  strong  affinity 
between  the  colouring  matter  of  madder  and  phosphat 
of  lime.  Accordingly,  when  madder  is  taken  into  the 
stomach,  it  combines  with  the  phosphat  of  lime  of  the 
food,  passes'with  it  through  the  lacteals  and  blood  ves- 
sels, and  is  deposited  with  it  in  the  bones,  as  was  pro- 
ved by  the  experiments  of  Duhamel.  In  the  same  man- 
ner musk,  indigo,  &c.  when  taken  into  the  stomach, 
make  their  way  into  many  of  the  secretions. 

These  facts  shew  us  that  assimilation  is  a  chemical 
process  from  beginning  to  end  ;  that  all  the  changes  are 
produced  according  to  the  laws  of  chemistry  ;  and  that 
we  can  even  derange  the  regularity  of  the  process  by 
introducing-  substances  whose  mutual  affinities  are  too 
strong  for  the  organs  to  overcome. 

Tt  cannot  be  denied,  then,  that  the  assimilation  of 
food  consists  merely  in  a  certain  number  of  chemical 
decompositions  which  that  food  undergoes,  and  the  con- 
sequent formation  of  certain  new  compounds.  But  are 
the  agents  employed  in  assimilation  merely  chemical 
agents  ?  We  cannot  produce  any  thing  like  these 
changes  on  the  food  out  of  the  body,  and  therefore 


r 


ASSIMILATION. 


5*9 


must  allow  that  they  are  the  consequence  of  the  action    Chap.  nr. 
of  the  animal  organs.    But  this  action,  it  may  be  said, 
is  merely  the  secretion  of  particular  juices,  which  have 
)the  property  of  inducing  the  wished-for  change  upon 
I  the  lood  :  and  this  very  change  would  be  produced  out 
o!  the  body,  provided  we  could  procure  these  substan- 
tces,  and  apply  them  in  proper  quantity  to  the  food.  If 
I  this  supposition  be  true,  the  specific  action  of  the  vessels 
(Consists  in  the  secretion  of  certain  substances  ;  conse- 
quently the  cause  of  this  secretion  is  the  real  agent  in 
assimilation.    Now,  can  the  cause  of  this  secretion.be    .  . 
shewn  to  be  merely  a  chemical  agent  ?  Certainly  not. ' 
For  in  the  stomach,  where  only  this  secretion  can  be 
I  shewn  to  exist,  it  is  not  always  the  same,  but  varies 
.  according  to  circumstances.    Thus  eagles  at  first  can- 
inot  digest  grain,  but  they  may  be  brought  to  do  it  by 
;  persisting  in  making  them  use  it  as  focd.    On  the  con- 
trary, a  lamb  cannot  at  first  digest  animal  food,  but  ha- 
1  bit  will  also  give  it  this  power.    In  this  case,  it  is  evi- 
dent that  the  gastric  juice  changes  according  to  circum- 
stances. 

The  presence  of  some  ag-ent,  different  from  a  mere  Butt"ea-- 
r  f  .  8ent  not 

chemical  power,  will  be  still  more  evident,  if  we  con-  chemical 

sider  the  immunity  of  the  stomach  of  the  living  animal 
> during  the  process  of  digestion.    The  stomach  of  ani- 
imals  is  as  fit  for  food  as  any  other  substance.  The 
gastric  juice,  therefore,  must  have  the  same  power  of 
acting  on  it,  and  of  decomposing  it,  that  it  has  of  act- 
ing on  other  substances  ;  yet  it  is  well  known  that  the 
stomach  is  not  affected  by  digestion  while  the  animal 
i retains  life;  though,  as  Mr  Hunter  ascertained,  the 
very  gastric  juice  which  the  living  stomach  secretes 
often  dissolves  the  stomach  itself  after  death.  Now 
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what  is  the  power  which  prevents  the  gastric  juice  from 
acting  on  the  stomach  during  life  ?  Certainly  neither  a 
chemical  nor  mechanical  agent,  for  these  agents  must 
still  retain  the  same  power  after  death.  We  must, 
then,  of  necessity,  conclude,  that  there  exists  in  the. 
animal  an  agent  very  different  from  chemical  and  me- 
chanical powers,  since  it  controuls  these  powers  accord- 
ing to  its  pleasure.  These  powers  therefore  in  the  li- 
ving body  are  merely  the  servants  of  this  superior  agent, 
which  directs  them  so  as  to  accomplish  always  one  par- 
ticular end.  This  agent  seems  to  regulate  the  chemi- 
cal powers,  chiefly  by  bringing  only  certain  substances 
together  which  are  to  be  decomposed,  and  by  keeping 
at  a  distance  those  substances  which  would  interfere 
with,  or  diminish,  or  spoil  the  product,  or  injure  the 
organ.  And  we  see  that  this  separation  is  always  at- 
tended to  even  when  the  substances  are  apparently  mix- 
ed together.  For  the  very  same  products  are  not  ob- 
tained which  would  be.  obtained  by  mixing  the  same 
substances  together  out  of  the  body  that  are  produced 
by  mixing  them  in  the  body ;  consequently  all  the  sub- 
stances are  not  left  at  full  liberty  to  obey  the  laws  of 
their  mutual  affinities.  The  superior  agent,  however, 
is  not  able  to  exercise  an  unlimited  authority  over  the 
chemical  powers;  sometimes  they  are  too  strong  for  it: 
some  substances  accordingly,  as  madder,  make  their 
way  into  the  system  ;  while  others,  as  arsenic,  decom- 
pose and  destroy  the  organs  of  the  body  themselves. 

But  it  is  not  in  digestion  alone  that  this  superior 
agent  makes  the  most  wonderful  display  of  its  power ; 
it  is  in  the  last  part  of  assimilation  that  our  admiration 
is  most  powerfully  excited.  How  comes  it  that  the 
precise  substances  wanted  are  always  carried  to  cverr 
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organ  of  the  body  ?  How  comes  it  that  fibrina  is  al- 
ways regularly  deposited  in  the  muscles,  and  phosphat 
.  of  lime  in  the  bones  ?  And  what  is  still  more  unac- 
countable, how  comes  it  that  prodigious  quantities  of 
some  one  particular  substance  are  formed  and  carried  to 
a  particular  place  in  order  to  supply  new  wants  which 
did  not  before  exist  ?  A  bone,  for  example,  becomes 
diseased  and  unfit  for  the  use  of  the  animal;  a  new  bone 
•therefore  is  formed  in  its  place,  and  the  old  one  is  car- 
ried off  by  the  absorbents.    In  order  to  form  this  new 
bone,  large  quantities  of  phosphat  of  lime  are  deposited 
in  a  place  where  the  same  quantity  was  not  before  ne- 
tcessary.   Now,  who  informs  this  agent  that  an  unusual 
quantity  of  phosphat  of  lime  is  necessary,  and  that  it 
:must  be  carried  to  that  particular  place  ?  Or  granting, 
as  is  most  probable,  that  the  phosphat  of  lime  of  the 
old  bone  k  partly  employed  for  this  purpose,  who 
taught  this  agent  that  the  old  bone  must  be  carried  off," 
new  modelled,  and  deposited,  and  assimilated  anew  ?  The 
fsame  wonders  take  place  during  the  healing  of  every 
wound,  and  the  renewing  of  every  diseased  part. 

But  neither  in  this  case  is  the  power  of  this  agent 
i  over  the  chemical  agents,  which  are  employed,  absolute. 
We  may  prevent  a  fractured  bone  from  healing  by  gi- 
ving the  partient  large  quantities*bf  acids.    And  unless 
the  materials  for  the  new- wanted  substances  be  supplied 
by  the  food,  they  cannot  in  many  cases  be  formed  at 
all.    Thus  the  canary  bird  cannot  complete  her  eggs 
•  Vinless  she  be  furnished  with  lime. 

As  this  agent  which  characterizes  living  bodies  does 
:not  appear  to  act  according  to  the  principles  of  che- 
imistry,  any  enquiry  into  its  nature  would  be  foreign  to 
'.the  subject  of  this  Work.    Physiologists  have  given  it 
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furnishes 
the  mate- 
rials of  se- 
cretion. 


Animals  de- 
cay and  die. 


the  name  of  the  living  or  animal  principle  ;  and  to  them 
I  beg  leave  to  refer  the  reader. 

Besides  the  different  organs  of  the  body,  the  blood  is 
also  employed  in  forming  all  the  different  secretions 
which  are  necessary  for  the  purposes  of  the  animal  eco- 
nomy. These  have  been  enumerated  in  the  last  Chap- 
ter. The  process  is  similar  to  that  of  assimilation,  and 
undoubtedly  the  agents  in  both  cases  are  the  same ;  but 
we  are  equally  ignorant  of  the  precise  manner  in  which 
secretion  is  performed  as  we  are  of  assimilation. 

After  these  functions  have  gone  on  for  a  certain  time, 
which  is  longer  or  shorter  according  to  the  nature  of  the 
animal,  the  body  gradually  decays,  at  last  all  its  func- 
tions cease  completely,  and  the  animal  dies.  The  cause 
of  this  must  appear  very  extraordinary,  when  we  con- 
sider the  power  which  the  animal  has  of  renewing  de- 
cayed parfs  ;  for  it  cannot  be  doubted  that  death  pro- 
ceeds, in  most  cases  at. least,  from  the  body  becoming 
incapable  of  performing  its  function.  But  if  we  con- 
sider that  this  power  is  limited,  and  that  it  must  cease 
altogether  when  those  parts  of  the  system  begin  to  de- 
cay which  are  employed  in  preparing  materials  for  fu- 
ture assimilation,  our  surprise  will,  in  some  measure, 
cease.  It  is  in  these  parts,  in  the  organs  of  digestion 
and  assimilation,  accordingly,  that  this  decay  usually 
proves  fatal.  The  decay  in  other  parts  destroys  life 
only  when  the  waste  is  so  rapid  that  it  does  not  admit 
of  repair. 

What  the  reason  is  that  the  decay  of  the  organs 
causes  death,  or,  which  is  the  same  thing,  causes  the 
livu  g  ;  .nciple  either  to  cease  to  act,  or  to  leave  the 
body  .'tot  erher,  it  is  perfectly  impossible  to  say,  be- 
cause we  know  too  little  of  the  nature  of  the  living 
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principle,  and  of  the  manner  in  which  it  is  connected  Chap.  ill. 
vwith  the  body.  The  last  is  evidently  above  the  human 
•^understanding  ;  but  many  of  the  properties  of  the  living 
{principle  have  been  discovered  :  and  were  the  facts  al- 
rready  known  properly  arranged,  and  such  general  con- 
.elusions  drawn  from  them  as  their  connection  with  each 
(Other  fully  warrant,  a  degree  of  light  would  be  thrown 

upon  the  animal  economy,  which  those  who  have  not 
rattended  to  the  subject  are  not  aware  of. 

No  sooner  is  the  animal  dead,  than  the  chemical  and 
i mechanical  agents,  which  were  formerly  servants,  usurp 
'the  supreme  power,  and  soon  decompose  and  destroy 
'that  very  body  which  had  been  in  a  great  measure  reared 
^by  their  means.    But  the  changes  which  take  place 

upon  animal  bodies  after  death,  are  too  important  to 
ibe  passed  over  slightly.    They  shall  therefore  form  the 

subject  of  the  next  Chapter. 


CHAP.  IV. 


OF  THE  DECOMPOSITION  OF  ANIMAL  BODIES. 


e  rapidity  with  which  animal  bodies  undergo  decom- 
position, and  the  disgusting  fetor  which  accompanies  this 
I  decomposition,have  long  been  considered  as  some  of  their 
most  striking  peculiarities.  This  spontaneous  destruc- 
tion is  denominated  putrefaction.  Considerable  atten- 
tion has  been  paid  to  it  by  chemists.  Beccher  and  Staid 
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Book  V.^  have  described  with  fidelity  the  phenomena  with  which 
it  is  attended,  and  the  circumstances  necessary  for  it 
taking  place.  Several  curious  remarks  on  it  were  made 
by  Boyle  and  Beale  *.  To  Sir  John  Pringle  we  are 
indebted  for  some  important  experiments  on  the  me- 
thod of  retarding  putrefaction-)- ;  neither  are  the  ex- 
periments of  Dr  Macbride  less  valuable,  though  the 
consequences  which  he  drew  from  them  were  erroneous. 
We  are  endebted  also  to  Crell  and  Priestley  for  many 
valuable  facts  ;  and  to  Berthollet  and  Lavoisier  for  the 
first  attempts  to  determine  the  real  changes  which  take 
place,  and  the  manner  in  which  the  new  products  which 
appear  during  putrefaction  are  formed.  But  notwith- 
standing the  labours  of  these  philosophers,  and  of  many 
others,  much  is  still  wanting  to  enabie  us  to  trace  the 
complicated  changes  which  take  place  during  putrefac- 
tion, and  to  account  for  them  in  a  satisfactory  manner, 
{renditions  It  has  been  ascertained  long  ago,  that  putrefaction 
requisitefor  never  i^es  place  in  those  animal  substances  which  con- 

putrefac-  r 

Sioo-  tain  only  two  or  three  ingredients,  such  as  oils,  resins, 

sugar  j  they  must  always  be  more  complicated  in  their 
texture  ;  and  perhaps  in  all  cases  a  mixture  of  two  or 
more  compound  bodies  is  necessary  for  speedy  decom- 
postion.  But  however  complicated  the  animal  sub- 
stance may  be,  it  does  not  putrefy  unless  moisture  be 
present  •,  for  dry  animal  substances  are  not  susceptible  of 
alteration.  A  certain  degree  of  heat  is  also  necessary. 
Animal  bodies  may  be  kept  without  decomposing  for 
any  length  of  time  at^the  freezing  temperature.  In 
general  the  higher  the  temperature  the  more  rapid  ie 
the  putrefaction,  provided  the  heat  be  not  great  enough 


*  Plii.  Trati.  iv,  1135. 
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air. 


to  reduce  the  animal  body  to  dryness.    It  has  been  ob-  ,  ChaP- m-, 
served,  too,  that  putrefaction  advances  with  more  ra- 
pidity in  the  open  air  ;  but  exposure  to  the  air  is  not 
necessary,  though  it  modifies  the  decomposition. 

When  these  conditions  are  observed,  and  dead  ani-  putrefac 
mal  matter  is  left  to  itself,  its  colour  becomes  gradually 
paler,  and  its  consistence  diminishes ;  if  it  be  a  solid 
part,  such  as  flesh,  it  softens,  and  a  serous  matter  sweats 
out,  whose  colour  quickly  changes ;  the  texture  of  the 
part  becomes  relaxed,  and  its  organization  destroy- 
ed i  it  acquires  a  disagreeable  smell;  the  substance 
gradually  sinks  down,  and  is  diminished  in  bulk ;  its 
smell  becomes  stronger  and  ammoniacal.    If  the  sub- 
ject be  contained  in  a  close  vessel,  the  progress  of  pu- 
trefaction, at  this  stage,  seems  to  slacken ;  no  other 
smell  but  that  of  a  pungent  alkali  is  perceived  ;  the 
matter  effervesces  with  acids,  and  converts  syrup  of 
violets  to  a  green.    But  if  the  communication  with  the 
air  be  admitted,  the  urinous  exhalation  is  dissipated, 
and  a  peculiar  putrid  smell  is  spread  around  with  a 
kind  of  impetuosity  ;  a  smell  of  the  most  insupportable 
/kind,  which  lasts  a  long  time,  and  pervades  every  place, 
affecting  the  bodies  cf  living  animals  after  the  manner 
of  a  ferment,  capable  of  altering  the  fluids :  this  smell 
is  corrected,  and  as  it  were  confined  by  ammonia. 
When  the  latter  is  volatilized,  the  putrefactive  process 
becomes  active  a  second  time,  and  the  substance  sud- 
denly swells  up,  becomes  filled  with  bubbles  of  air,  and 
:soon  after  subsides  again.    Its  colour  changes,  the  fi- 
Ibrous  texture  of  the  flesh  being  then  scarcely  distin- 
guishable ;  and  the  whole  is  changed  into  a  soft  brown, 
<or  greenish  matter,  of  the  consistence  of  a  poultice, 
twhose  smell  is  faint,  nauseous,  and  very  active  on  the 
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bodies  of  animals.  The  odorant  principle  gradually 
loses  its  force ;  the  fluid  portion  of  the  flesh  assumes  a 
kind  of  consistence,  its  colour  becomes  deeper,  and  it  is 
finally  reduced  into  a  friable  matter,  rather  deliques- 
cent ;  which  being  rubbed  between  the  fingers,  breaks 
into  a  coarse  powder  like  earth.  This  is  the  last  state 
observed  in  the  putrefaction  of  animal  substances  ;  they 
do  not  arrive  at  this  term  but  at  the  end  of  a  consider- 
able time  *. 

During  this  decomposition  a  variety  of  gaseous  bodies 
are  emitted :  these  vary  according  to  the  substance  ex- 
posed to  putrefaction ;  but  they  consist  chiefly  of  hy- 
drogen gas,  holding  sulphur,  phosphorus,  and  carbon 
in  solution;  of  ammonia,  water,  and  carbonic  acid,  and 
perhaps  also  of  azotic  gas.  Nitric  acid  seems  in  some 
cases  to  be  formed  and  emitted.  The  earthy-like  re- 
siduum, which  remains  after  the  decomposition  is  com- 
pleted, consists  of  the  fixed  parts  of  the  animal  substance, 
mixed  with  charcoal,  oil,  and  ammonia.  Thus  it  ap- 
pears that  putrefaction  consists  in  a  total  decomposition 
of  the  animal  body;  the  elements  of  which  combine  to- 
gether two  and  two,  and  thus  form  a  new  set  of  less 
complicated  bodies.  But  any.  attempt  to  explain  the 
manner  in  which  these  changes  take  place,  would  be 
exceedingly  imperfect  indeed  ;  not  only  because  we  are 
ignorant  of  the  strength  of  the  affinities  of  the  different 
elementary  parts  of  animal  bodies  for  each  other,  but 
because  we  do  not  even  know  the  manner  in  which 
these  elements  are  combined,  and  consequently  we  can- 
not know  by  what  particular  forces  these  compounds  are 
destroyed. 


*  Fourcroy. 
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In  carcases  buried  in  the  earth,  putrefaction  takes    Chap.  Ill, 
place  much  more  slowly  ;  but  it  is  scarcely  possible  to  putrefac- 
observe  its  progress  with  accuracy.  ,  The  abdomen  is  g°QU^}der 
gradually  dilated  with  elastic  fluids  which  make  their 
appearance  in  it,  and  at  last  it  bursts  and  discharges  a 
horribly  fetid  and  noxious  gas  ;  at  the  same  time  a 
dark  coloured  liquid  flows  out.    If  the  earth  be  very 
dry,,  and  the  heat  considerable,  the  moisture  is  often  ab- 
sorbed so  rapidly,  that  the  carcase,  instead  of  putrefy- 
ing, dries,  and  is  transformed  into  what  is  called  a 
mummy. 

Such  are  the  phenomena  when  dead  bodies  are  left  Putrefac- 
to  putrefy  separately  :   but  when  great  numbers  of  ^^^j 
carcases  are  crowded  together  in  one  place,  and  are  so  animal  mat- 
abundant  as  to  exclude  the  action  of  external  air  and 
other  foreign  agents,  their  decomposition  is  entirely  the 
consequence  of  the  reciprocal  action  of  their  ingredi- 
ents themselves  upon  each  other,  and  the  result  is  very 
different.    The  body  is  not  entirely  dissipated  or  re- 
duced to  mould,  but  all  the  soft  parts  are  found  dimi- 
nished remarkably  in  size,  and  converted  into  a  pecu- 
liar saponaceous  matter.    This  singular  change  was  first 
accurately  observed  in  the  year  1786. 

The  burial  ground  of  the  Innocents  in  Paris  having  Converted 

,  •  1  1      V     J  •  •  ,  ,  int0  a  saP°- 

become  noxious  to  those  wno  lived  in  its  neighbour-  naceous 

hood,  on  account  of  the  disagreeable  and  hurtful  odour  matten 
which,  it  exhaled,  it  was  found  necessary  to  remove  the 
carcases  to  another  place.  It  had  been  usual  to  dig 
very  large  pits  in  that  burial  ground,  and  to  fill  them 
with  the  carcases  of  the  poorer  sort  of  people,  each  in 
its  proper  bier  ;  and  when  they  were  quite  full,  to  co- 
ver them  with  about  a  foot  deep  of  earth,  and  to  dig 
another  similar  pit,  and  fill  it  in  the  same  manner.  Each 
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Book  v.     pit  held  between  iooo  and  1500  dead  bodies.    It  was 
in  removing  the  bodies  from  these  pits  that  this  sapo- 
naceous substance  was  found.    The  grave-diggers  had 
ascertained,  by  long  experience,  that  about  thirty  years 
were  required  before  all  the  bodies  had  undergone  this 
change  in  its  full  extent  *.    Every  part  of  the  body 
acquired  the  properties  of  this  substance.    The  intes- 
tines and  viscera  of  the  thorax  had  completely  disap- 
peared   but  what  is  singular  enough,  the  brain  had  lost 
but  little  of  its  size  or  appearance,  though  it  was  also 
converted  into  the  same  substance. 
Its  proper-       This  saponaceous  matter  was  of  a  white  colour,  soft 
and  unctuous  to  the  touch,  and  melted,  when  heated, 
like  tallow.    It  exhibited  all  the  properties  of  a  soap, 
containing,  however,  an  excess  of  fatty  matter.  Four- 
croy,  who  analysed  it,  found  that  it  was  composed  of  a 
fatty  matter  combined  with  ammonia,  and  that  it  con- 
tained also  some  phosphat  of  lime  and  ammonia.  Di- 
luted acids  decomposed  it,  and  separated  the  fatty  mat- 
ter :  alkalies  and  lime,  on  the  other  hand,  drove  off  the 
ammonia.    When  exposed  to  the  air,  it  gradually  lost 
its  white  colour  ;  the  ammonia,  in  a  great  measure,  eva- 
porated; and  what  remained  had  something  of  the  ap- 
pearance of  wax.    It  absorbed  water  with  great  avi- 
dity, and  did  not  part  with  it  readily.    Its  white  colour 
was  owing  to  the  presence  of  that  liquid.    The  oily 
matter,  when  separated  by  means  of  a  diluted  acid,  was 
concrete,  and  of  a  white  colour,  owing  to  the  mixture 
of  a  quantity  of  water.    When  dried,  it  acquires  a 
greyrsh-brown  colour,  a  lamellar  and  crystalline  tex- 
ture, like  that  of  spermaceti ;  but  if  it  has  been  rapidly 
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dried,  it  assumes  the  appearance  of  wax.  It  melts  Chap.  IV 
when  heated  to  1260  ;  when  properly  purified,  by  pass- 
ing it  through  a  linen  cloth  while  fluid,  it  has  scarcely 
any  smell.  Alcohol  does  not  act  apon  it  while  cold, 
but  at  the  temperature  of  1200  it  dissolves  it:  when 
the  solution  cools,  the  fatty  matter  precipitates,  and 
forms  a  gritty  mass.  With  alkalies  it  forms  a  soap  ; 
and  when  set  on  fire  it  burns  precisely  like  oil  or  fat, 
only  that  it  exhales  a  more  unpleasant  odour*. 

Mr  Smith  Gibbes  found  the  same  substance  in  the 
pit  into  which  animal  matters  are  thrown  at  Oxford  af- 
ter dissection.  A  small  stream  of  water  constantly 
passes  through  this  pit ;  a  circumstance  which  induced 
him  to  try  whether  animal  muscle  exposed  to  the  ac- 
tion of  a  running  stream  underwent  the  same  change. 
The  experiment  succeeded  completely  :  he  attempted, 
in  consequence,  to  render  this  substance,  to  which  he 
gave  the  name  of  spermucetiy  useful  in  those  manufac- 
tures which  require  tallow  :  but  the  fetid  odour  which 
it  constantly  exhales  was  an  unsurmountable  objection f. 
Attempts  were  indeed  made  to  get  over  it ;  and  a  ma- 
nufacture of  Mr  Smith  Gibbes's  spermaceti  has  even 
Ibeen  established  at  Bristol. 

Many  attempts  have  been  made  to  retard  the  destruc-  Substance* 
tive  progress  of  putrefaction,  in  order  to  preserve  ani-  Urdputr*- 
imal  bodies  either  as  food  or  for  other  useful  purposes  ;  factiPn- 
aand  several  methods  have  been  ascertained  which  pre- 
vent it  from  operating  for  a  considerable  time. 

1.  The  freezing  temperature  is  a  complete  preserva- 


*  Fourcroy,  Ann.de  Chim.  viii.  17. 
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tive  from  putrefaction,  as  long  as  the  animal  substance 
is  exposed  to  it.  Hence  the  common  practice  of  keep- 
ing meat  in  snow  in  the  frozen  climates  of  the  north  ; 
and  of  packing  fish  in  ice,  and  sending  them  in  that 
state  from  Scotland  to  the  London  market. 

2.  Almost  all  bodies  which  have  a  strong  affinity  for 
water  retard  putrefaction  for  a  longer  or  shorter  time, 
doubtless  by  depriving  the  animal  substances  of  "their 
water,  or  preventing  that  liquid  from  acting  upon  these 
bodies  in  its  usual  manner,  In  this  way  the  acids,  su- 
gar, alcohol,  &c.  seem  to  prevent  or  retard  putrefaction. 

3.  It  is  well  known  that  common  salt  is  a  powerful 
antiseptic.  Hence  the  practice  of  salting  meat,  and  the 
length  of  time  which  meat  that  has  undergone  this  ope-* 
ration  may  be  kept.  Several  other  salts,  especially  ni- 
tre, possess  the  same  property.  In  what  manner  these 
bodies  act  has  not  been  ascertained  ;  but  they  undoubt- 
edly produce  some  chemical  change  upon  the  meat  ;  for 
they  alter  its  taste,  its  colour,  and  other  sensible  pro- 
perties. 

4.  Many  aromatic  bodies,  such  as  camphor,  resins, 
volatile  oils,  bitumens,  and  other  similar  bodies,  act 
with  considerable  efficacy  in  preserving  animal  bodies 
from  putrefaction.    Hence  their  utility  in  embalming. 
In  what  the  action  of  these  substances  consists  has  not  * 
been  ascertained.    Part  of  their  efficacy  is  doubtless 
owing  to  the  rapidity  with  which  the  animal  substances 
to  which  they  are  applied  lose  their  moisture  ;  and 
something  may  be  ascribed  likewise  to  their  odour, , 
which  keeps  insects  at  a  distance,  and  thus  prevents  the 
lodging  of  excrementitious  matter,  which  always  acts  I 
powerfully  as  a  putrefactive  ferment. 
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In  a  science  of  so  extensive  a  nature  as  Chemistry, 
which  is  cultivated  in  so  many  different  countries,  and 
by  so  numerous  a  bodv  of  eminent  philosophers,  new- 
facts  must  be  continually  expected  ;  and  our  opinions 
and  theories,  which  serve  merely  as  stepping-stones  to 
conduct  us  to  truth,  must,  in  consequence,  be  frequent- 
ly altered  and  modified  anew.  Since  the  commence- 
ment of  this  Work  nearly  eight  months  have  elap- 
sed, and  during  that  time  many  important  additions 
have  been  made  to  our  knowledge.  Such  of  these  dis- 
coveries as  could  be  introduced  into  the  preceding  Work 
have  been  already  explained  ;  those  which  were  not 
published  soon  enough  to  be  inserted  in  their  proper 
place,  or  which  did  not  come  soon  enough  to  hand,  I 
think  it  necessary  to  enumerate  in  an  Appendix,  that 
the  reader  may  have  as  complete  a  view  as  possible  of 
ithe  present  state  of  the  science.  In  this  enumeration  I 
shall  follow  exactly  the  order  of  arrangement  which 
has  been  adopted  in  the  Work  itself. 
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Part  I  Book  I  Chap.  I.  Of  Oxygen.  Vol.  I.  p.  25. 

I  HAVE  exhibited  a  Table  of  the  affinities  of  oxygen 
for  different  bodies  ;  mentioning  in  a  note  that  the  af- 
finity of  several  of  the  metals  for  that  substance  was 
unknown.  Mr  Vauquelin  has  lately  published  a  table 
of  the  affinity  of  the  metals  for  oxygen*,  arranging  them 
according  to  the  difficulty  with  which  the  metallic  ox- 
ides are  decomposed  by  heat.  Though  this  mode  of 
estimating  the  strength  of  affinity  is  liable  to  objections, 
I  shall  here  insert  the  Table,  because  it  is  useful. 

Oxygen. 

oxygen. 

v  Titanium, 

Manganese, 
Zinc, 
Iron, 
Tin, 

Uranium, 

Molybdenum, 

Tungsten, 

Cobalt, 

Antimony, 

Nickel, 

Arsenic, 

Chromum, 

Bismuth, 

Lead, 

Copper, 

Tellurium, 


*  Patrin's  Mintraiog^  v.  189. 
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Platinum,  ,ChaP- IIL 

Mercury, 
Silver, 
Gold. 


Chap.  III.    Of  Metals.    Vol.  I.  p.  75. 

Three  important  additions  have  been  made  to  our 
knowledge  since  this  Chapter  was  written.  1.  An  an- 
alysis of  several  metallic  oxides  by  Proust,  which  has 
rectified  several  mistaken  opinions  to  which  that  ingeni- 
ous chemist  had  himself  given  occasion.  2.  Addition- 
al experiments  on  nickel  by  Mr  Ghenevix,  which  re- 
establish an  opinion  that  had  been  rejected  in  con- 
sequence of  the  experiments  of  several  eminent  (Ger- 
man and  French  chemists.  3.  The  discovery  of  a  new 
metal  by  Mr  Hatchett.  Of  each  of  these  particulars 
I  shall  give  an  account. 

I.    Of  Metallic  Sulphurets. 

1 .  Cinnabar  has  hitherto  been  supposed  a  compound  cinnabar. 

of  the  red  oxide  of  mercury  and  sulphur;  but'Mr  Proust 

-has  ascertained  that  it  is  composed  of 

85  mercury 

15  sulphur 


100 

or  it  yields  15  parts  of  sulphur  to  antimony,  and  85, 
f  mercury  are  separated.  When  a  mixture  of  muriat 
f  mercury  and  sulphur  is  distilled,  the  product  is  cin- 
abar  and  oxy-muriat  of  mercury  *.    When  mercury 


*  Jour.  (It  Ptys.  liii.  <)%. 
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Sulphuret 
of  copper. 


Sulphuret 
of  iron. 


Pyrites. 


is  mixed  with  hydrogenated  sulphuret  of  potass  or  am. 
monia,  it  combines  with  the  sulphur,  leaves  the  alkali, 
and  the  black  sulphuret  becomes  red  in  a  few  days. 
We  may  conclude,  in  all  probability,  according  to  the 
original  theory  of  Berthollet,  that  aethiops  mineral  and 
cinnabar  differ  from  each  other  principally  in  the  first 
compound  containing  sulphurated  hydrogen. 

2.  Sulphuret  of  copper  is  composed,  according  to  the 
analysis  of  Mr  Proust,  of  82  copper 

18  sulphur 


100 


This  sulphuret  is  capable  of  combining  with  an  excess 
of  sulphur,  and  in  this  state  it  is  often  found  native.  It 
is  of  a  deep  blue  or  violet  colour,  and  resembles  indigo 
rubbed  with  a  polished  body.    It  is  composed  of  abqut 

85  sulphuret  of  copper 

15  sulphur 


100 


And  of  course  contains  0.30  of  sulphur*. 

3.  Sulphuret  of  iron,  according  to  the  analysis  of  Mr 
Proust,  is  composed  of  40  iron 

60  sulphur 


100 


It  has  been  hitherto  supposed  that  pyrites  is  a  com- 
pound of  sulphur  and  the  black  oxide  of  iron  ;  but  Mr 
Proust  has  ascertained,  that  when  heated  it  allows  0.20 
of  sulphur  to  separate,  and  that  0.80  of  common  sul- 
phuret remains  behind.    Hence  it  follows  that  pyrites 


*  Jour,  u'c  P/j\t.  liii.  95. 
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is  composed  of  80  sulphuret  of  iron 
20  sulphur 


100 


Of  course  it  contains  no  less  than  0.68  of  sulphur.  It 
is  therefore  a  sulphuret  combined  with  an  additional 
dose  of  sulphur.  This  additional  dose  differs  in  diffe- 
rent species  of  pyrites  *. 

4.  When  sulphur  is  heated  with  arsenic  acid,  or  the  Sulphuret 
white  oxide  of  arsenic,  sulphurous  acid  gas  is  exhaled, 
and  the  mixture  melts  into  a  vitreous  red  substance, 
which  is  a  sulphuret  of  arsenic  ;  for  it  may  be  formed 
by  melting  together  sulphur  and  arsenic.  It  has  been 
supposed  that  orpiment,  or  the  yellow  sulphuret  of  ar- 
senic, is  a  compound  ofeulphur  and  the  oxide  of  arsenic  : 
but  Mr  Proust  has  ascertained  that  when  heated  it  melts 
without  emitting  any  gas,  and  assumes  the  appearance 
of  red  sulphuret.  Hence  it  follows  that  the  arsenic 
in  this  compound  also  is  in  the  metallic  statef. 

II.    Of  Nickel. 

Mr  Cuenevix  precipitated  nickel  from  an  impure 
acid  solution  by  ammonia,  filtered  immediately,  rind  al- 
lowed the  ammoniacal  solution  of  nickel  to  stand  some 
days  in  a  well-stopped  phial.  A  bluish  precipitate  sub- 
sided, which  was  also  separated.  The  liquor  was  now  ! 
evaporated,  and  the  oxide  of  nickel  properly  washed 

and  reduced  in  the  usual  manner.    The  nickel  thus  ob-  Properties 

.     of  nickel. 

tamed  was  of  a  pale  red  colour,  its  hardness  was  consi- 
derable, and  its  fracture  granular  and  uneven.  Its  spe- 
cific gravity  was  7.3806,  and  it  was  not- magnetic,  nor 


*  Jour,  dc  Fbys.  liii.  89.  f  Ibid.  p.  04. 
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had  it  the  smallest  effect  upon  the  magnetic  needle 
Hence  we  must  conclude  that  the  magnetism  of  com, 
mon  nickel  is  owing  to  the  iron  that  it  still  contains, 
and  probably  this  is  the  case  with  cobalt.  Thus  a  por- 
tion of  iron,  so  small  as  not  to  be  detected  by  the  best 
chemical  tests,  when  it  is  combined  with  nickel  is  sus- 
ceptible of  communicating  magnetic  properties  to  the 
whole  mass  as  strong  as  if  the  whole  were  composed  of 
steel ;  a  fact  still  more  important,  and  certainly  more 
extraordinary,  than  if  nickel  and  cobalt  were  themselves 
magnetic. 

To  obtain  pure  nickel,  the  rules  .laid  down  in 
Vol.  IV.  p.  1 66.  are  to  be  followed  ;  but  the  iron 
present  must  be  oxidated  to  a  maximum,  the  ammonia 
should  be  perfectly  caustic,  and  it  is  proper  to  allow 
the  ammoniacal  solution  to  remain  till  some  nickel  has, 
precipitated  f, 

III.    Of  Columbium. 

Mr  Hatchett  has  lately  discovered  a  new  metal 
in  an  iron  ore  from  America,  and  has  given  it  the  name 
of  columbium.  The  analysis  itself  is  not  yet  publish- 
ed, but  Mr  Nicholson  has  inserted  an  abstract  of  the 
experiments  in  the  first  number  of  his  octavo  Journal. 

The  mineral  was  sent  to  Sir  .Hans  Sloane  by  Mr 
Winthrop  of  Massachusets.  It  is  heavy,  of  a  dark 
grey  colour,  and  has  some  resemblance  to  chromat  of 
lead  The  mineral  acids  have  but  little  effect  on  it ;  the 
sulphuric  indeed  dissolves  a  little  iron.  When  fused  with 
carbonat  of  potass,  and  then  washed  in  pure  water,  part 
of  it  is  dissolved  :  muriatic  acid  dissolves  another  por- 


*  Nicholson's  Journal,  v.  288.' 
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1  tion.    By  treating  it  alternately  with  carbonat  of  pot-    'Chap,  ill 

ass  and  muriatic  acid,  it  is  completely  dissolved.  The 

acid  holds  iron  in  solution ;  the  alkali  is  combined  with 

a  peculiar  metallic  acid,  to  which  the  name  of  columbic 

has  been  given.  The  mineral  therefore  is  a  columbat  of 

iron.    It  is  composed  of  about  75  columbic  acid  ComposL- 

. ,     _  .  tion  of  the 

25  oxide  01  iron  orc, 

1  op 

Nitric  acid  precipitates  columbic  acid  from  its  combina- 
tion with  potass  in  the  form  of  white  flakes. 

This  acid  precipitate  seems  to  be  insoluble  in  water,  Properties 

1  ■>■,        1-  T    •     •      1  ii     •       •    •     of  columbic 

but  it  reddens  litmus  paper,    it  is  insoluble  in  nitric  acid. 

acid,  and  remains  perfectly  white ;  but  both  muriatic 

and  sulphuric  acids  dissolve  it. 

When  these  solutions  are  saturated  with  potass,  co- 
lumbic acid  precipitates  in  white  flakes.  Triple  prus- 
siat  of  potass  occasions  an  olive  green  precipitate  ;  the 
tincture  of  nutgalls  a  deep  orange  precipitate  :  when 
the  solution  of  columbic  acid  in  sulphuric  acid  is  dilu- 
ted with  water,  a  white  precipitate  appears,  which  when 
dried  becomes  first  blue  and  then  grey.  Zinc  precipi- 
tates a  white  powder  from  the  same  solution. 

Columbic  acid  combines  with  potass  and  soda,  both 
by  the  dry  and  humid  way.  It  expels  carbonic,  acid, 
and  forms  with  potass  a  glittering  scaly  salt,  which  has 
much  the  appearance  of  boracic  acid.  It  does  not  com- 
bine with  ammonia. 

Acids  separate  columbic  acid  from  the  fixed  alkalies; 
and  when  added  to  excess  do  not  redissolve  it  unless 
heated,  and  even  when  heated  nitric  acid  has  no  effect. 
The  same  thing  takes  place  when  an  excess  of  alkali  is 
added  to  the  acid  solutions. 
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Bo°k  rT' t  Hydrosulphuret  of  ammonia,  added  to  the  alkaline  so- 
lutions, forms  a  chocolate  coloured  precipitate.  Prussiat 
of  potass  and  tincture  of  galls  produce  no  effect  till  an 
acid  is  added;  and  then  the  usual  olive  green  and  orange 
precipitates  "appear. 

The  acid  and  alkaline  solutions  are  colourless.  Co- 
lumbic  acid  does  not  combine  with  sulphur  in  the  dry 
way.  It  forms  a  purplish  blue  glass  with  phosphat  of 
ammonia.  It  appears  to  be  of  extremely  difficult  re- 
duction  #. 


How  car- 
bonic ox- 
ide is  pro- 
cured. 


Book  II — Chap.  III.  Of  Oxides. 
Sect.  I.  Carbonic  Oxide,  Vol.  I.  p.  474. 

The  nature  of  this  gas  has  been  examined  by  Mor- 
veau,  Berthollet,  Fourcroy  and  Thenart,  Desormes  and 
Clement.  Their  experiments  coincide  with  those  of 
Mr  Cruickshank  :  but  several  additional  properties  have 
been  ascertained,  which  I  shall  here  enumerate. 

The  French  chemists  were  led  to  examine  the  nature 
of  carbonic  oxide  gas,  by  an  excellent  paper  of  Dr 
Woodhouse  on  the  gases  evolved  by  distilling  mois- 
tened charcoal,  and  mixtures  of  charcoal  and  metallic 
oxides.  He  obtained  a  great  quantity  of  inflammable 
gas,  and  thus  confirmed  the  experiments  of  Dr  Priestley. 
The  French  chemists  ascertained,  as  Mr  Cruikshank 
had  done  before  them,  that  this  gas  is  composed  of  car- 
bon and  oxygen.  Desormes  and  Clement  have  subjected 
it  to  a  very  complete  investigation. 

They  obtained  it,  t*  By  exposing  moist  charcoal  to  a 


*  Nicholson's  8vo  Journal,  i.  31. 


CARBONIC  OXIDE. 


539 


red  heat — 2.  By  heating  mixtures  of  charcoal  and  me-  Chap. in. 
tallic  oxides  to  a  red  heat — 3.  By  heating  on ixtures  of 
charcoal  and  the  earthy  carbonats — 4.  By  passing  car- 
bonic acid  repeatedly  over  red  hot  charcoal.  It  is  formed 
also  during  the  distillation  of  several  vegetable  bodies, 
and  during  the  combustion  of  a  mixture  composed  of 
three  parts  of  nitre  and  one  part  of  charcoal. 

Its  composition,"  as  ascertained  by  these  chemists, 
agrees  almost  exactly  with  the  result  of  Cruikshank's 
experiments,  after  we  correct  some  fundamental  errors 
which  have  slipt  into  their  calculation.  They  have 
rendered  it  probable  that  the  proportion  of  its  carbon 
varies  considerably. 

It  is  exceedingly  noxious;  animals  die  in  it  instantly:  Properties 
when  breathed,  it  produces  instant  giddiness  and  faint-  of  lt' 
ing. 

Neither  light,  nor  heat,  nor  electricity,  have  any  effect 
upon  it.  lt  is  not  altered  by  being  made  to  pass 
through  a  red  hot-tube. 

When  equal  quantities  of  this  gas  and  hydrogen 
are  passed  through  a  red-hot  glass  tube,  the  tube  is 
lined  with  a  fine  black  enamel  of  charcoal,  water  is 
formed,  and  an  excess  of  hydrogen  makes-  its  escape. 
If  a  bit  of  iron  be  put  into  the  tube,  it  is  oxydated 
but  not  converted  into  steel. 

Neither  azotic  gas  nor  sulphur  have  any  action  on  it, 
even  when  assisted  by  heat.  It  dissolves  a  little  char- 
coal and  increases  in  bulk.  It  dissolves  phosphorus,  and 
acquires  the  property  of  burning  with  a  yellow  flame. 
The  alkalies  have  no  effect  on  this  gas.  It  is  not  al- 
tered when  passed  with  ammonia  through  a  red-hot 
tube.  When  the  red  oxide  of  mercury  is  heated  in  it,  a 
commencement  of  reduction  takes  place. 
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Neither  sulphurous,  nitric,  nor  muriatic  acids,  alter  it 
when  passed  with  it  through  a  red-hot  tube.  Four 
parts  of  oxy-muriatic  gas  left  with  one  of  carbonic  acid 
gas  decompose  it  completely;  carbonic  acid  is  formed, 
and  a  substance  like  wax  makes  its  appearance. 

Nitrous  gas  has  no  effect  on  it.  When  mixed  with 
sulphurated  hydrogen  gas,  and  passed  through  a  red. 
hot  tube,  sulphur  is  deposited,  and  sulphurated  hydro- 
gen gas  remains  mixed  with  carbonic  oxide  gas  *. 


Sect.  II.  Of  Water,  Vol.  I.  p.  477. 

From  the  experiments  of  Lefevre  Gineau,  performed 
with  great  care,  in  order  to  ascertain  the  weight  of  the 
kilogramme,  it  follows,  that  at  the  temperature  of  40% 
at  which  temperature  the  density  of  water  is  a  maxi- 
mum, a  French  cubic  foot  of  distilled  water  weighs 
^olbs.  and  223  grains  French  —  579452.9492  grains 
troyf.  Consequently  an  English  cubic  foot  at  the 
same  temperature  weighs  437102.4946  grains  troy,  or 
999.0914161  ounces  avoirdupois. 


Weight  of 
water  at 
400. 


Book  II. — Chap.  IV.  Of  Acids,  Vol.  II.  p.  1. 

Two  additions  have  been  made  to  our  knowledge  of 
these  bodies.  1.  Sulphuric  acid  has  been  analysed  by 
Mr  Chenevix — 2.  Sebacic  acid  has  been  examined  by 
Mr  Thenart. 


*  Ann.  de  Cbim.  xxxix.  26, 


f  Jtur.  de  Piyi.  llix.  1 7 1, 
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Chap.  IV. 

I.  Sulphuric  acid,  Vol.  II.  p.  9.  v 

From  the  experiments  of  Mr  Chenevix,  it  appears  Sulphuric 
that  sulphuric  acid  is  composed  of    61.5  sulphur 

38.5  oxygen 


100.0  * 


II.  Sebacic  acid,  Vol.  II.  p.  160. 

It  has  hitherto  been  supposed  that  sebacic  acid  is  Scbaqc 
of  a  very  volatile  nature  ;  that  it  has  a  strong  smell ;  aad* 
and  that  it  is  the  cause  of  the  suffocating  fumes  which 
appear  during  the  distillation  of  fat.  But  Mr  Thenart 
:has  proved,  that  hitherto  either  acetous  acid,  which  is 
formed  during  the  distillation  of  fat,  or  muriatic  acid 
separated  from  the  impure  potass  employed,  has  beeri 
mistaken  for  that  acid-,  and  that  pure  sebacic  acid  had 
not  been  examined  by  chemists  previous  to  his  experi- 
ments. Pure  sebacic  acid  may  be  obtained  by  the  fol- 
lowing process. 

Distil  hog's  lard,  wash  the  product  with  hot  water,  How  pro 
separate  this  water,  and  drop  into  it  acetite  of  lead.  A  cmci 
flaky  precipitate  appears,  which  is  to  be  washed  and 
dried,  mixed  with  sulphuric  acid,  and  heated.  A  melted 
substance  analogous  to  fat  swims  on  the  surface,  which 
is  to  be  carefully  separated.  This  substance  is  sebacic 
acid.  It  may  be  dissolved  in.  hot  water,  and  on  cooling 
crystalline  needles  are  deposited.  This  acid  may  be  ob- 
tained also  by  evaporating  the  water  employed  in  wash- 
ing the  product  of  distilled  hog's  lard.  Or  this  water 
maybe  saturated  with  potass,  and  .afterwards  precipi- 


*  Phil  Maf.i\rii& 
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t  Book  n^   tated  with  acetite  of  lead  as  above.    Its  properties  are 
the  following. 

its  proper-  It  has  no  smell,  its  taste  is  slightly  acid,  and  it  reddens 
the  tincture  of  turnsole.  When  heated  it  melts  like 
tallow.  It  is  soluble  in  cold,  but  much  more  soluble 
in  hot  water.  Boiling  water  saturated  with  it  becomes 
solid  on  cooling ;  alcohol  also  dissolves  it  abundantly. 
It  crystallizes  in  needles  ;  but  by  proper  precautions  it 
may  be  obtained  in  long,  large,  and  very  brilliant 
plates. 

It  occasions  a  precipitate  in  the  acetite  and  nitrat  of 
lead,  the  nitrat  of  silver,  the  acetite  and  nitrat  of  mer- 
cury. It  forms  peculiar  salts  with  the  alkalies  and 
earths.  It  does  not  render  lime  water,  barytic,  or  stron- 
titic  water  turbid.  Sebat  of  potass  has  little  taste,  does 
not  attract  moisture  from  the  air  ;  and  when  sulphuric, 
nitric,  or  muriatic  acid  is  poured  upon  it,  sebacic  acid 
is  deposited :  when  its  solution  is  concentrated  and 
mixed  with  any  one-  of  these  acids  it  becomes  solid  *. 

Besides  sebacic  aad,  a  considerable  portion  of  acetous 
acid  is  also  found  in  the  water  which  has  been  employ- 
ed to  wash  the  product  of  distilled  fat.  This  acid  may 
be  obtained  by  saturating  the  water  with  potass,  eva- 
porating to  dryness,  adding  sulphuric  acid  and  distil- 
ling •,  the  acetous  acid  passes  over  into  the  receiver. 

The  acrid  fumes  which  appear  when  fat  is  strongly 
heated,  are  not  acid,  but  consist  of  the  fat  itself  some- 
what altered  f. 


*  Nicholson's  8vo  'jour.  i.  34, 


f  Thenart,  ibid.  p.  36. 
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Part  I — -Book  II. — Divis.  II.    Chap.  III.  Salts. 
Genus  I.  Sulphats.  Vol.  II.  p.  258. 

1 

From  the  experiments  of  Mr  Chenevix,  it  appears  sulphatof 
that  sulphat  of  barytes  is  composed  of  barytes. 
23.5  sulphuric  acid 
76.5  barytes 

100.0  * 

This  does  not  differ  much  from  the  estimation  of 
Thenart. 

Sulphat  of  Lime,  Vol.  II.  p.  265. 

The  experiments  of  Mr  Chenevix  give  the  com-  Sulphat  or 
ponent  parts  of  this  salt  in  the  following  proportions 
57  sulphuric  acid 
43  lime 

100  f 

This  agrees  nearly  with  the  estimation  of  Kirwan. 

Salts  of  Antimony,  Vol.  III.  p.  70. 

Mr  Chenevix  has  given  the  following  easy  formula  Method  of 
for  preparing  'James's  powder^  or  what  I  have  called  j^eg™'8 
after  Dr  Pearson,  phosphat  of  lime-and-antimcny.  powder. 

Dissolve  in  a  minimum  of  muriatic  acid  equal  parts 
of  white  oxide  of  antimony  and  of  phosphat  of  lime, 
:and  pour  the  solution  into  a  sufficient  quantity  of  dis- 


*  Phil.  Mag.  ii.  n6. 


f  Ibid.  p.  115. 
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BookiL    tilled  water,  containing  pure  ammonia  in  solution.  Thd 
powder  precipitates  *. 

Mr  Chenevix  considers  this  powder  as  merely  a  me- 
chanical mixture.  But  his  reasoning  is  not  quite  con- 
clusive j  for  the  acidulous  oxide  of  antimony,  which  is 
often  employed,  has  many  acid  properties ;  and  though 
it  refuses  to  combine  with  phosphoric  acid,  it  may 
unite  as  an  acid  with  phosphoric  acid  and  lime  :  and 
this  in  fact  seems  to  be  the  case  in  most  of  the  triple 
compounds  into  which  the  oxide  of  antimony  enters* 


*  Pb'il.  Mag.  xi.  p.  IIO. 
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Calces,  metallic,  i.  78 
Calchantum,  iii.  3 
Calciform  silver  ore,  iv.  45 
Calculi,  biliary,  iv.  415 

M  t 


Calculi,  urinary,  iv.  448 
arranged  iv.  455 
folvents  for,  iv.  459 
of  inferior  animal,  iv. 
461 

Calx  and  calcination,  i.  84 
Calomel,  ii.  486 
Caloric  i.  258. 

motion  of,  i.  264,  and 
287 

how  conducted,  i.  289 
fpecific,  309 
of  fluidity,  i.  3  2  2 
of  evaporation,  i.  329 
latent,  i.  324 
quantity  in  bodies,  i. 

333 

Calorimeter,  i.  314 
Camphor,  ii.  137,  and  iv.  209 

oil  of,  iv.  211 
Camphorats,  ii.  139  and  437 
Camphoric  acid,  ii.  137 
Cannel  coal,  iv.  34 
Cannon  metal,  i.  147 
Caoutchouc,  iv.  216 

mineral,  iv.  33 
Capacity  for  heat,  i.  308 
Carbon,  iv.  28 
Carbon,  i.  43. 

Austin's  theory  of  its 
component  parts,  i. 
61 

Carbon  as  the  food  of  plants, 

iv.  253 
Carbon,  oxides  of,  i.  474 
Carbonats,  ii.  40  and  375 

3 
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Caibonat  of  lead,  iv.  83 

Carbonated  hydrogen  gas,  i.  59 
Carbonic  acid,  ii.  34 

abforbedbyplants, 
iv.  281 

Carbonic  oxide,  i.  474,  and  iv. 

Carbuncle,  iii.  485 

Carburet,  what,  i.  50 

of  iron,  i.  1 29 

Caromel,  iv.  174 

Carrying  power,  what,  i.  295 

Cast  iron,  i.  130. 

Cat's  eye,  iii.  446 

Caustic,  i.  395 

Celeftine,  iii.  525. 

Cementation,  i.  132 

Cerate,  iv.  202 

Cerumen  of  the  ear,  iv.  419 

Celanite,  iii.  449 

Chabasie,  iii.  482 

Chalcedony,  iii.  455 

Chalcolite,  iv.  119 

Charcoal,  i.  43. 

composition  of,  i.  50 
proportion  yielded  by 
different  trees,  iv.  224 

Cheefe,  iv.  400 

Chert,  iii.  454 

Chlorite,  iii.  494 

white,  iii.  477 

Chriolite,  iii.  528 

Cbromats,  ii.  399 

Chromic  acid,  ii.  91 

Chromum,  i.  227 

ores  of,  iy.  123 


Chromum,  salts  of,  iii.  94 

Chyle,  iv.  475 

Chyme,  iv.  465 

Chrysoberil,  iii.  477 

Chrysolite,  iii.  500  and  519 

oriental,  iii.  477 

Chrysopal,  iii.  477 
Chrysophrasium,  iii.  447 

Cinnabar,  i.  107,  and  iv.  533 

native,  iv.  50 

Citrats,  ii.  1  15,  and  419 

Citric  acid,  ii.  1 12 

Clay,  iv.  2. 

porcelain,  iv.  3. 

common,  iv.  ib. 

potters,  ibid. 

Clyssus,  ii.  294 

Coal,  iv.  33 

cannel,  iv.  34 

kilkenny,  iv.  29 

parrot,  iv.  34,  and  36 

spurious,  iv.  36 

Cobalt,  i.  2GJ 

salts  of,  iii.  79 

acetite,  iii.  83 

areseniat,  iii.  82 

borat,  ibid. 

carbonat,  iii.  82 

fluat,  ibid. 

muriat,  iii.  81 

nitrat,  iii.  80 

oxalat,  iii.  83 

phosphat,  iii.  82 

Cobalt,  sulphat,  iii.  So 

Cobal  ore,  black,  iv.  109 

brown,  ibid. 
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Cobal,  dull  grey,iv.  107 
red,  iv.  IC9 
white,  iv.  108 
yellow,  iv.  109 
(Cohesion,  iii.  152 
(Colcothar  of  vitriol,  iii.  4 
(Cold,  i.  338 
(Colurabium,  iv.  536 
K  Combustibles,  simple,  i.  26 

compound,  ii.  1 70 
iCombustion,  i.  344 
(Compounds,  primary,  i.  389 

secondary,  ii.  223 
Conducting  power  of  bodies,  i. 
288 

■  Congelation,  term  of,  iii.  309 
Contagion,  iii.  289 
Copper,  i.  1 13 

salts  of,  ii.  494 
acetite  of,  ii.  510 
arseniated,  ii.  506 
arsenite,  ii.  5 10 
benzoat,  ii.  513 
borat,  ii.  505 
carbonat,  ii.  505 
cbromat,  ii.  510 
fluat,  ii.  505 
muriated,  ii.  50 1 
nitrat,  ii.  498 
oxalat,  ii.  510 
phosphate  ii.  504 
8eb?.t,  ii.  514 
succinat,  ii.  513 
sulphat,  ii.  495 
sulphite,  ii.  49  S 
tartrite,  ii.  5 1 3 


Copper,  tungstat,  ii.  510 
pyrites,  iv.  53 
malme,  iv.  56 
native,  iv.  52 
ochte,  iv.  56 
white,  i.  1  99 
Copperas,  iii.  3 
Coral,  iv.  368 
Corivindum,  iii.  437 
Cork,  ii.  140 

mountain,  iii.  504 
Cornelian,  iii.  456 
Corneous  mercury-,  iv.  5  1 
silver  ore,  Iv.  47 
Corrosive  sublimate,  ii.  483 
Cortical  layers,  iv.  243 
Corundum,  iii.  437 
Cotyledons,  iv.  233 
Cream,  iv.  395 
Cruor  of  blood,  iv.  3S8 
Crusts,  composition  of,  iv.  366 
Crystal,  mineral,  ii.  203 
Crystals,  i.  28 
Crystalite,  ii.  235 
Crystallization,  iii.  162 
Culm,  Wales,  iv.  29 
Cupellation,  i.  153 
Cupriferous  sulphurated  silver 

ore,  iv.  44. 
Curd,  iv.  399 
Cyanite,  iii.  491 
Cymophane,  iii.  477 

D. 

Daouritc,  iii.  453 
Dead  Seaj  iii.  376 
m  4 
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Decrepitation,  ii.  257 

Delphinite,  iii.  490 
Dephlogifticated  air,  i.  1 8 
Diamond,  i.  43,  47,  and  iv.  28 
Digestion,  iv.  464 
Dragon    of  the  alchymiftsj 

what,  ii.  481 
Ductility,  i.  77 

E. 

Eagle  stone,  iv.  72- 
Earths,  i.  415 

as  the  food  of  plants, 

iv.  250 
action  on  each  other, 

ii.  225 
supposed  oxides,  i.  47 1 
alkaline,  i.  469 
contained  in  plants,  iv. 

225 

Efflorescence,  ii.  261 

Egg  shells,  iv.  367 

Electrum,  i.  91 

Elements  of  the  ancients,  i. 

383- 
Emerald,  iii.  473 
Emery,  iv.  64 
Empyreal  air,  i.  18 
Emulsion,  ii.  174 
Enamels,  ii.  242 
Epidermis  of  animals,  iv.  375 

trees,  iv.  243 
Epsom  salt,  ii.  267 
Equilibrium  of  caloric,  i.  279 
Ether,  ii.  200 


Etching  on  gla6a#  ii.  79 

Ethiops  mineral,  i.  106 

Ethiops  per  se,  i.  104 

Evaporation,  iii.  3  1  7 

Euclase,  iii.  475 

Eudiometers,  iii.  258 

Eye,  humours  of,  iv.  423 

Excrementitious  matter,  iv.  478 

Expansion,  i.  267 

Extract,  iv.  188 

Goulard's,  iii.  45 
of  Saturn,  iii.  45 

F. 

Fat,  iv.  349 

acid  of,  ii.  160  and  iv.  541 
Feathers,  iv.  384 
Felsite,  iii.  468 
Felspar,  iii.  469 

argentine,  iii.  461 
Fer  oligiste,  iv.  66 
pyrocete,  iv.  68 
Fermentation,  iv.  305 

acetous,  iv.  323 
Fetus,  curdy  matter  deposited 

on,  iv.  43 1 
Fibrina,  iv.  329 
Fire  damp,  i.  52 
Fish  scales,  iv.  369 
Fixed,  what,  i.  87 

air,  ii.  34 
Flint,  iii.  443 
Fluidity,  cause  of,  i.  323 
Fluor,  iii.  520 
Fluoric  acid,  ii.  75 
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Flux,  black,  lit.  297 

white,  ibid. 
Foliated  earth  of  tartar,  ii.  401 
iFood  of  plants,  iv.  245 

of  animals,  iv.  464 
^Fossalkali,  i.  401 
Franchipan,  iv.  404 
Freezing  mixtures,  i.  341 
Fiigorific  particles,  i.  359 
Frit,  ii.  247 
] Friction,  i.  364 
|Fuller*s  earth,  iv.  5 
IFulminating  powder,  ii.  2g5 

G. 

iGadolinite,  iii.  512 
(Galena,  iv.  79 
(Gallats,  ii.  124 
(Gallic  acid,  ii.  122 
(Ganguc,  iv.  95 
(Garnet,  iii.  484 

white,  iii.  472 
Gas,  what,  i.  18 
i  Gases,  expansion  of,  i.  269 

composition  of,  i.  331 
respirable,  iv.  483 
unrcspirable,  iv.  483 
I  Gastric  juice,  iv.  468 
Gelatine,  iv.  338 
Germination,  iv.  231 
(Glacies  mariae,  iii.  462 
(Glands,  iv.  374. 
vplas8>  ii.  244 

flint,  ii.  248 
crpwnj  ibid. 


Glass,  bottle,  ii.  248. 

method  of  etching  on, 

ii.  79 
defects  of,  ii.  249 
of  antimony,  i.  187 
gall,  ii.  247 
Glauber's  salt,  ii.  261 
Glucina,  i.  452 

acetite,  ii.  405 
carbonat,  ii.  389 
muriat,  ii.  333 
nitrat,  ii.  307 
sulphat  of,  ii,  2  70 
Gluten,  iv.  213 
Gneiss,  iv.  14 
Gold,  i.  86 

native,  iv.  40 
salts  of,  ii.  45 1 
muriat,  ii.  453 
nitrat,  ii.  456 
fulminating,  i  409 
Gorgonia,  iv.  369 
Granatine,  iv.  15 
Granatitc,  iii.  45.9 
Granilite,  iv.  16 
Granite,  iv.  14 
Granitell,  iv.  15 
Granular  iron  ore,  iv.  72 
Graphic  gold  ore,  iv.  icz 
Graphite,  iv.  63 
Green,  Scheele's,  ii.  510 

colour  of  plants,  iv.  28t 
earth,  iv.  8 
Grey  copper  ore,  iv.  55 

foliated  gold  ore,  iv.  103 
Grunsten,  iy.  16 
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Gum,  iv.  177 

resins,  iv.  209 
Gunpowder,  ii.  295 
Gypsurhj  ii.  263,  and  iii.  517 

H. 

Haematites,  iv.  69 
Hair,  iv.  383 
Hartshorn,  i.  404 
Heat,  animal,  iv.  499 
Heavy  inflammable  air,  i.  59 
Hepar,  i.  56,  and  iii.  107 

sulphuris,  i.  397 
Hepatic  gas,  i.  56 

mercurial  ore,  iv.  51 
Hepatules,  iii.  107 
Honey,  iv.  348 

stone,  iii,  527 
Hornblende,  iii.  466 

basaltic,  iii.  465 
resplendent,  iii. 
466 

Horns,  iv.  382 
Hornsilver,  ii.  467 
Hornslate,  iii.  454 
Hornstone,  ibid. 

shistose,  iii.  508 
Hyacinth,  iii.  510 

blanche  cruciforme, 
iii.  476 

white,  iii.  452 
Hyacinthine,  iii.  508 
Hyalite,  iii.  478 
Hydrat  of  copper,  i.  115 
Hydrogen,  i.  5 1 


Hydrogen  gas,  how  procured, 
ibid. 

Hydrogenated  sulphur,  iii.  ic6 
Bulphurets,  iii. 
107 

Eulphuretof  pot- 
ass, i.  398 
Hydrosiderum,  i.  129 
Hydrosulphurets,  iii.  104 

of  antimony, 
iv.  97 

I. 

Jade,  iii.  502 

James's  powder,  iii.  70 

how  prepared, 

&  S43 

Jargon,  iii.  510 
Jasper,  iii.  456 
Ice,  i.  477 
Idocrase,  iii.  508 
Jelly,  iv.  181 
Jet,  iv.  34 

Indian  rubber,  iv.  216 
Inflammable  air,  i.  52 
Ink,  iii.  20 

Integrant  particles,  iii.  1 70 
Islands,  temperature  of,  iii.  316 
Iris,  iv.  369 
Iron,  i.  121,  131 

native,  iv.  62  " 

salts  of,  iii.  1 

acetite,  iii.  1 7 

arseniated,  iii.  T5 

benzoat,  iii.  21 
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I  Iron,  borat,  iii.  14  L. 
carbonat,  ibid. 

citrat,  iii,  19  Lac,  white,  ii.  143 

fluated,  iii.  13  Laccic  acid,  ii.  143 

gallat,  iii.  20  Lactats,  ii.  121  and  423 

malat,  iii.  20  Lactic  acid,  ii.  120 

molybdat,  iii.  17  Lana  philosophica,  i.  169 

muriated,  iii.  10  Lapis  nephriticus,  iii.  502 
nitrated,  iii.  8  lazuli,  iii.  483 

oxalated,  iii.  18  Lava,  iv.  21 

phosphated,  iii.  1 2  Lazulite,  iii,  483; 
prusssiated,  iii.  21,  and  ii.    Lead,  i.  150 


ochre,  iv.  8t 

scbat   in  17 

red.  i.  1  c  2 

succinat.  111.  21 

white,  i.  152 

sulnhated.  in.  4 

black,  i.  \  29 

m iIt^Ti it-*"   in  *7 

JU.  UlllLv  j    ill*  / 

salts  of,  iii.  34 

tartrited,  iii.  1 9 

acetite,  111.  4^. 

tungstat,  iii.  17 

arffeniat,  iii.  43 

tartarised,  iii.  19 

benzoat,  iii.  49 

ore,  iv.  62 

borat,  iii.  42 

Juice,  peculiar,  of  plants,  iv.  295 

carSonat,  ibid. 

ch'rofrtat,  iii.  44 

K. 

finat,  iii.  41 

lactat,  iii.  48 

Kali,  i.  395 

rnalat,  ib'id. 

Kaolin,  ii.  241 

molybdat,  iii.  44 

Kelp,  i.  402 

mucite,  iii.  48 

Kidneys,  action  of,  iv.  502 

muriated,  iii.  38 

Kiffckill,  iii.  498 

pitrat,  iii.  37. 

Kragstone,  iv.  19 

oxalat,  iii.  47 

Kupfer  lazur-,  iv.  57 

pho'ophat,  iii.  41 

nickel,  iv.  89 

6ebat,  iii.  49 

succinat,  ibid. 

sulphat,  iii.  36 
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Lead,  sulphite,  iii.  37 

Lime,  nitrat,  ii.  300 

tartrite,  iii.  47 

oxalat,  ii.  406 

Leaves,  iv.  244 

oxy-muriat,  ii.  34* 

functions  of,  iv.  277 

phosphat,  ii.  346,  and 

seminal,  iv.  230 

iii.  cio 

Lepidolite,  iii.  470 

phosphite,  ii.  360 

Leucite,  iii.  472 

plumbat,  i.  434 

Libavius,  smoking  liquor  of, 

prussiat,  ii.  437 

iii.  28 

sebat,  ii.  447 

*  IT/ 

Ligaments,  iv.  274 

soap,  iii.  123 

Light,  i.  239 

suberat,  ii.  43^ 

whether  a  source  of 

succinat,  ii.  426 

heat,  i.  371 

sulphat,  ii.  263,  iii.  517 

impedes  germination, iv. 

and  iv.  543 

236 

sulphite,  ii.  280 

Lilalite,  iii.  47Q 

superphosphat,  ii.  348 

Lime,  i.  427 

tartrite,  ii.  411 

native,  iii.  448 

tungstat,  ii.  398 

acetite,  ii.  40"? 

water,  i.  43 1 

arseniat,  ii.  391,  and  iii. 

Liquids,  expansion  of,  i.  270 

C22 

J 

Litharge,  i.  IC4 

benzoat,  ii.  42  c 

Lithomarga,  iv.  4, 

borat,  ii.  376.  and  iii.  C2 

Lixivia,  i.  50? 

camphorat,  ii.  428 

Loam,  iv.  10 

carbonat,  ii.  X!Qt  and  iii. 

Lobster  crust,  iv.  366 

?  14 

Lowland  iron  ore,  iv.  73 

citrat,  ii.  420 

Luna  cornea,  ii.  467 

fluat,  ii.  36c,  and  iii. 

Lute,  what,  i.  19 

520 

Lydian  stone,  iii.  509 

hydrogenated  sulphuret, 

Lymoh  of  plants,  iv.  260 

i.  432 

of  animals,  iv.  481 

lactat,  ii.  424 

malat,  ii.  423 

M. 

mercuriat,  i.  433 

mucite,  ii.  423 

Madrapores,  iv.  36^ 

muriat,  ii.  326 

Majjistry  of  bismuth,  i.  177 

index.  557 
nesia,  i.  437  Manganese,  arseniat,  iii.  89 
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grey  ore  of,  ibid. 
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'Manganese,  i.  207 

Menachanite,  iv.  12 1 

salts  of,  iii.  83,  & 

Menelites,  iii.  446 

Mercurial  earth,  i.  78 

acecite,  iii.  88 

Mercurius  dulcis,  ii.  48^ 
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Mercury,  1,  102,  and  iv.  49 
salts  of,  ii.  474 
acetitc,  ii.  491 
arseniat,  ii.  490 
benzoat,  ii.  492 
borat,  ii.  489 
carbonat,  ii.  490 
citrat,  ii.  492 
fluat,  ii.  495 
muriat,  ii.  481 
molybdat,  ii.  490 
nitrated,  ii.  479 
oxalat,  ii.  491 
phosphat,  ii.  489 
prussiat,  ii.  493 
sebat,  ibid, 
succinat,  ibid, 
sulphated,  ii.  471 
tartrite,  ii.  491 
tungstat,  ii.  490 
mucite,  ii.  492 
malat,  ii.  492 

Mephitic  acid,  ii.  35 

Metallic  lustre,  i.  75 

Metals,  ibid. 

remarks  on,  i.  228 
how  obtained  pure,  iv. 
164. 

contained  in  plants,  iv. 
228 

Meteorology,  iii.  291 
Mica,  iii.  462 

shistose,  iv.  16 
Micaceous  iron  ore,  iv.  67 
Macarell,  iii.  458 
Milk,  iv.  394 


Milk,  woman's,  iv.  40^ 

ass's,  iv.  406 

goat's,  iv.  407 

ewe's,  ibid. 

mare's,  ibid. 
Millepores,  iv.  368 
Mineral  caoutchouc,  iv.  33 
pitch,  iv.  32 
tar,  iv.  31 
Minerals,  analysis  of,  iv.  125 
Minium,  (.152 
Mispickel,  i.  1 99 
Misy,,  iii.  3 . 

Molybdat  of  lead,  iv.  86 
Molybdats,  ii.  90,  and  395 
Molybdena,  i.  218,  andiv.  117 
Molybdenum,  i.  218 

ores  of,  iv.  117 
salts  of,  iii.  90 
Molyhdic  acid,  i.  220,  and  ii. 
89 

Molybdous  acid,  i.  219 
Monspons,  iii.  330 
Moonstone,  iii.  469 
Mora6sy  iron  ore,  iv.  73 
Mother  ley,  i.  437 
Mould,  iv.  8 
Mountain  blue,  iv.  57 
green,  iv.  59 
Mountains,  arrangement  of,  iv. 

23 

Mortar,  i.  435 

water,  i.  436 
Mucilage,  iv.  178 

animal,  iv.  340 
Mucites,  ii.  129,  and  422 


'Mucous  acid,  ii.  1 26 
Mucus  of  the  nose,  iv.  422 
of  the  cavities,  ibid. 
Mullen,  iv.  19 
'Muriat  of  antimony,  iv.  99 
Murio  carbonat  of  lead,  iv.  88 
Murksten,  iv.  15 
Muriatic  acid,  ii.  59 

dephlogisticated, 
ii.  67 

Muriats,  ii.  312 
'Muscles  of  animals,  iv.  370 
.  Muscovy  gla      iii.  462 
.Must,  iv.  314 

component  parts  of,  iv. 
315 

fermentation  of,  iv.  317 
Myrsen,  iii.  498 

N. 

Naphtha,  ii.  201,  and  iv.  31 
'Narcotic  salt,  ii.  81 
'Natron,  i.  401 
'Nickel,  i.  161,  andiv.  535 

salts  of,  iii.  49 

acetite,  iii.  52 

arseniat,  ibid. 

borat,  iii.  5 1 

caibonat,  ibid. 

fluat,  ibid. 

muriat,  ibid. 

nitrat,  iii.  50 
oxalat,  iii.  52 

phosphat,  iii.  51 

sulphat,  iii.  50. 

tartrite,  iii,  53 


INDEX.  $59 

Nickel  ochre,  iv.  89 
Nihil  album,  i.  1 69 
Nitre,  ii.  290 

cubic,  ii.  297 
Nitrats,  ii.  288 
Nitric  acid,  i.  68,  and  ii.  41 
Nitrites,  ii.  58,  and  3  1 1 
Nitro-muriatic  acid,  ii.  72 
Nitrous  acid,  ii.  54 
vapour,  ii.  56 
gas,  i.  498 

gas,  dephlogisticated,  i. 
49  2 

oxide,  i.  492,  and  498 
Nitroxis,  i.  496 
Nitrum  fixum,  ii.  258 

flammans,  ii.  302 
semi  volatile,  ii.  302 
Norka,  iv.  15 
Nutgalls,  ii.  122 

O. 

Obsidian,  iii.  467 
Ochre,  iv.  70 
Octahedral  iron  ore,  iv.  65 
Oculus  mundi,  iii.  446 
Oil  of  vitriol,  ii/9 
Oils,  iv,  200 

fixed,  ii.  171 
volatile,  ii.  178 
empyreumatic,  ii.  183 
drying,  ii.  175 
essential,  ii.  178 
fat,  ii.  175 

philosophical,  ii.  174 
sweet  oil  of  wine,  ii.  203 


INDEX. 


OIcfi?.nt  gns,  if.  205" 
Oleum  6ulphnn8,  K>  9 
Olivine,  iii.  501 
Onyx,  iii.  456 
Opal,  iii.  446 
Ores,  iv.  57 

Orpiment,  i.  197^  and  iv.  105, 

ssi 

Oven,  heat  of,  iv.  311 

Oviform,  iii.  517 

Oxalats,  ii.  107,  and  406 

Oxalic  acid,  Ii.  103 

Oxide  and  oxidation,  I.  84 

Oxide  of  phosphorus,  I.  39 
antimony,  i.  184 
sulphur,  i.  27 
arsenic,  i.  195 
bismuth,  i.  176 
cobalt,  I.  203 
copper,  i.  114 
gold,  i.  88 
iron,  i.  124 
lead,  i.  151 
manganese,  i.  209 
mercury,  i.  104 
molybdenum,  I.  219 
nickel,  i.  163 
platinum,  i.  93 
silver,  I.  97 
tellurium,  i.  193 
tin,  i.  143 
titanicm,  i.  2ec 
tungsten,  i.  2  15 
uranium,  i.  223 
zinc,  i.  1 63 

Oxides,  5.  473 


Oxides,  remarks  on,  i.  23d 

Oxygen,  i.  17 

affinities  of,  iv.  532 
gas,  how  prepared,  h 
17- 

emitted  by  plants,  iv 
281 

Oxy-muriatic  acid,  ii.  66 
Oxymuriats,  ii.  72,  and  336 
Oxy  prussic  acid,  ii.  155 


Pacific,  north,  temperature  of, 

iii.  314 
Panacea  holsatica,  ii.  258 
Panchymagogum  minerale,  ii. 

486 

Panchymagogus  quercltanus, 
Ibid. 

Pancreatic  juice,  Iv.  410 
Parenchyma,  iv.  243 
Pearl  ash,  i.  391 
Pearl  white,  i.  1  77 
Pebbles,  Scotch,  iii.  4:6 
Egyptian,  ibid. 
Pechblende,  i.  222,  and  iv.  118 
Percussion,  i.  361 
Perspiration,  iv.  504 
Peridot,  iii.  500 
Petrilite,  iii.  468 
Petroleum,  iv.  3  1 
Petunse,  ii.  241. 
Pewter,  i.  156 
Pharmacolite,  iii.  522 
Phlogisticated  air,  i.  69 

alkali,  H.  151 


INDEX.  *  j6l 


Phosphats,  ii.  344  Phosphurets,  remarks  on,  i.  233 

of  lead,  iv.  84  Pierre  a  fusil,  iii.  443 
'Phosphoric  acid,  i.  40,and  ii. 27  de  croix,  iii.  459 

Phosphorated  azotic  gas,  i.  67  Pig  iron,  i.  130 

hydrogen  gas,  i.  Pimelite,  iii.  468 

58  Pinchbeck,  i.  173 

black  oxide  of  Pisiform,  iv.  72 

mercury,  i.  108  Pitchstone,  iii.  446 

;  Phosphorite,  iii.  519  Pith,  iv.  244 

'Phosphorous  hydrogen  gas,  i,  Plants,  decay  of,  iv.  301 

57  death,  iv.  303 

Phosphorus,  i.  34  Plaster  of  Paris,  ii.  264 

of  Homberg,  ii.  327  Platina,  iv.  40 

Dhosphuret,  what,  i.  43  Platinum,  i.  91,  and  iv.  40 


or  antimony,  1.  188 

benzoat  or,  11.  401 

arsenic,  i.  197 

munat,  11.  458 

«              .£)*    «i  V_i" 

barytes,  1.  42  r 

nicrat,  11.  460 

carbon,  i.  51 

oxalat,  ii.  46  r 

cobalt,  i.  204 

prussiat,  ii.  46 1 

copper,  i.  117 

salts  of,  ii.  457 

gold,  i.  90 

sebat,  ii.  461 

iron,  i.  127 

sulphat,  ii.  460 

lead,  i.  154 

triple  salts  of,  ii.  459, 

lime,  i.  432 

460 

manganese,  i.  20 

Plumbago,  i.  129;  and  iv.  63 

molybdenum,  i.  21 1 

Plumbiferous  antimoniated  sil- 

nickel, i.  164 

ver  ore,  iv.  8 1 

potass,  i.  398 

Plumose  antimonial  ore,  iv.  98 

platinum,  i.  94 

Plumula,  iv.  233 

silver,  i.  99 

Pompholyx,  i.  169 

8trontian,  i.  425 

Porcelain,  ii.  240 

tin,  i.  144 

Porphyry,  iv.  19 

tungsten,  i.  216 

shistose,  iii.  454 

sulphur,  i.  42 

Potash,  i.  391,  and  395 

titanium,  i.  225 

Potass,  i.  391 

zinc,  i.  171 

acetite  of,  ii.  400 

Vot  IV.  N  n 


INDEX. 


Potass,  arseniat,  ii.  392 
azotite,  i.  497 
benzoat,  ii.  425 
borat,  ii.  371 
camphorat,  ii.  429 
carbonat,  ii.  381 
citrat,  ii.  420 
fluat,  ii.  367 
lactat,  ii.  424  . 
malat,  ii.  423 
mucite,  ii.  422 
muriat,  ii.  315 
nitrat,  ii.  240 
nitrite,  ii.  311 
oxalat,  ii.  408 
oxy-muriat,  ii.  338 
phosphat,  ii.  349 
prussiat,  ii.  437 
sebat,  ii.  446 
succinat,  ii.  426 
suberat,  ii.  434 
8uper-molybdat,  ii.  395 
super-oxalat,  ii,  408 
super- sulphat,  ii.  260 
sulphat,  ii.  258 
sulphite,  ii.  281 
super-tartrite,  ii.  413 
tartrite,  ii.  412 
tungstat,  ii.  396 

nitrated,  ii.  399 

Potstone,  iii.  493 

Powder  of  algoroth,  i.  1 85 

Precipitate  per  se,  i.  IOJ 

Prehnite,  iii.  489 

Prince's  metal,  i.  173 

Principle,  vegetative,  iv.  303 


Prussic  acid,  i.  408,  and  ii.  147 
Prussian  alkali,  ii.  149 
blue,  ii.  149 

native,  iii.  12 
Prussiats,  ii.  436 
Prussiat  of  ammonia  and  iron,  ii. 
446 

barytes  and  iron,  ii. 
439 

lime  and  iron,  ii.  440 
magnesia  and  iron,  ii. 
446 

potass  and  iron,  ii.  441 
soda  and  iron,  ii.  446 
strontian  and  iron,  ibid. 
Puddingstone,  iv.  1 2 
Pumice,  iv.  22 
Purple  copper  ore,  iv.  54 
Putrefaction,  iv.  326,  and  523 
in  air,  iv.  525 
under  ground,  iv. 

of  accumulated 

matters,  iv.  527 
preventatives  from/ 
iv.  529 
Puzzolano,  iv.  22 
Pyrites,  iv.  62,  and  534 
Pyromachus,  iii.  443 
Pyrophorus,  Homberg's,  ii. 
275 

Pyroxen,  iii.  505 

Quartz,  iii.  440 

elastic,  iii.  442 
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Quicklime,  J.  427 
Quicksilver,  i.  102 

R. 

Radicle,  iv.  233 
Radical  vinegar,  ii.  99 
Rain,  iii.  317 
Rancidity,  ii.  176 
Rays  of  caloric,  i.  259 
Rayonnante,  iii.  507 
Realgar,  i.  197,  and  iv.  104, 

535 

Red  antiraonial  ore,  iv.  97 
chalk,  iv.  7 
copper  glass,  iv.  56 
iron  ore,  iv.  70 
lead  ore  of  Siberia,  iv.  1 23 
precipitate,  i.  105 
silver  ore,  iv.  45 
Reddle,  iv.  6 
Reduction,  i.  129 
Regulus  of  antimony,  i.  186 
martial,  i.  189 
of  Venus,  i.  189 
Repulsion,  iii.  228 
Resin,  iv.  205 

animal,  iv.  351 
of  bile,  iv.  351 
of  urine,  iv.  440 
Respiration,  iv.  482 

Priestley's  theory 

of,  iv.  490 
LaToisier's  theory 
of,  iv.  491 

N 


Respiration,  La  Grange's  theo- 
ry of,  iv.  49 1 
Davy's  theory  of, 

iv.  492 
changes  on  air  by, 

iv.  486 
changes  on  blood 
by,  iv.  494 
Respirations,  number  ofj.iv.487 
Rete  mucosum,  iv.  378 
Rock  crystal,  iii.  441 
Rosaceous  acid,  iv.  437 
Rubellite,  iii.  453 
Ruby,  iii.  448 

balass,  iii.  448 
Bohemian,  iii.  442 
occidental,  iii.  450 
octahedral,  iii.  448 
oriental,  iii.  432 
spinell,  iii.  44 
Rust,  i.  123 

s. 

Saccholats,  ii.  422 
Saccharine  acid,  ii.  103 
Saccholactic  acid,  ii.  1 26 
Saffron  of  Mars,  i.  1 25 
Sagenite,  iv.  120 
Sal  ammoniac,  ii.  328 

secret,  ii.  265 

catharticus  amarus,  ii.  267 

de  duobus,  ii.  258 

gem,  ii.  316 

polychrest  Glaseri,  ii.  258 

n  2 
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Saliva,  iv.  408 

Salivary  concretions,  iv.  410 

Salt,  ii.  316 

common,  ii.  316 
digestive,  ii.  40 1 
diuretic,  ibid, 
febrifuge,  ii.  3 1 8 
of  Saturn,  Hi.  45 
of  Seignette,  ii.  416 
of  Sylvius,  ii.  315 
of  wood  sorrel,  ii.  409 
petre,  ii.  292 
rock,  ii.  317 
Salts,  ii.  250 

compound,  ii,  250 
metallic,  ii.  447 
neutral,  ii.  250 
simple,  ii.  250 
triple,  ii.  252 
food  of  plants,  iv.  252 
Sand,  iv.  9 
Sandstone,  iv.  1 1 
Sap  of  plants,  iv.  260 
Saponaceous  matter  of  putre 

faction,  iv.  527 
Saponules,  ii.  181 
Sappnre,  iii.  491 
Sapphyr,  iii.  432 

oriental,  iii.  432 
occidental,  iii.  436 
Saturn,  extract  of,  iii.  45 
Scapolite,  iii.  460 
Scheeliuni,  i.  215 
Sea  froth,  iii.  498 
salt,  ii.  3  1 6 

salt,  regenerated,  ii.  315 


Seas,  temperature  of,  iii.  3  r  j 
Sebacic  acid,  ii.  i6d,  and  iv. 
541 

Sebats,  ii.  161,  and  446 

Sedative  salt,  ii.  81 

Seeds  of  plants,  iv.  232 

Selenite,  ii.  263,  and  iii.  517 

Semen,  iv.  426 

Semimetals,  i.  85 

Serpentine,  iii,  493 

Serum  of  blood,  iv.  386 

Seydler  salt,  ii.  267 

Shells,  iv.  367 

porcellaneous,  iv.  367 
mother-of-pearl,  ibid. 

Shiller  spar,  iii.  467 

Shistus,  argillaceous,  iii.  496 

Shorl,  iii.  458  ' 

green,  iii.  490 

red,  iii.  453,  aadiv.  120 

Shorlite,  iii.  453 

Siderum,  i.  L28 

Sienite,  iv.  14 

Silex,  iii.  443 

Silica,  i.  4^6 

borat  of,  ii.  375 
fluat  of,  ii.  369 

Siliceous  spar,  iii.  496. 

Silver,  i.  96 

native,  iv.  41 
salts  of,  ft.  462 
acetite,  ii.  47 1 
arseniat,  ii.  470 
benzoat,  ii.  473 
borat,  ii.  469 
carbonat,  ibid, 


Soda,  nitrat,  ii.  297 
oxalat,  ii.  409 
oxy-muriat,  ii.  342 
phosphat,  ii.  350 
phosphite,  ii.  362 
prussiat,  ii.  437 
scbat,  ii.  447 
suberat,  ii.  434 
succinat,  ii.  427 
sulphat,  ii.  260 
sulphite,  ii.  283 
tartrite,  ii.  416 
tungstat,  ii.  397 
methods   of  extracting 
from  common  salt,  ii. 

3*9 

Solids,  expansion  of,  i.  271 
Solution,  iii.  160 
Somnite,  iii.  452 
Sorlo  piceo,  iii.  508 
Sory,  iii.  3 

Spar,  ponderous,  i.  417 
siliceous,  iii.  496 
calcareous,  iii.  514 
Sparry  iron  ore,  iv.  73 
Specific  caloric,  i.  307 
Specificum  purgans,  ii.  25  S 
Specular  iron  ore,  iv.  66 

laminated,  iv.  68 
Spelter,  i.  167 
Spermaceti,  iv.  350 
Spinell,  iii.  448 
Spirit  of  nitre,  ii.  42 

mindereru8,  ii.  403 
salt,  ii.  60,  and  ii.  267 
Spirits,  ardent,  ii.  1  84. 
n  3 
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Sponges,  nr.  369 

Starch,  lv.  182 

Staurolite,  iii.  476 

Staurollthe,  iii.  459 

Staurptide,  iii.  459 

Steam,  i.  477 

Steatites,  iii,  499 

Steel,  i.  132 

natural,  i.  13S 

of  cementation,  i.  138 

cast,  i.  139 

Stellsten,  iv.  16 

Stilbite,  iii.  481 

Stoneware,  ii.  236  and  239 

Strontian,  i.  422 

acetite  of,  ii.  402 
borat,  ii.  370 
carbonat,  ii.  378,  and 

iii.  524 
citrat,  ii.  420 
muriat,  ii.  324 
nitrat,  ii.  297 
oxalat,  ii.  407 
oxy-muriat,  ii.  343 
phosphat,  ii.  345 
sulpha t,  ii.  262,  and 

iii.  525 
tartrite,  ii.  411 

Strontites,  i.  423 

Suber,  iv.  223 

Suberats,  ii.  142  and  434 

Suberic  acid,  ii.  140 

SuccinatSj  ii.  136  and  426 

Succinic  acid,  ii.  134 

Sugar,  iv.  171 

of  milk,  iv.  347 


Sugar,  acid  of,  ii.  103 

of  milk,  acid  of,  ii.  ij* 
of  lead,  iii.  45 
of  Saturn,  ibid. 
Sulphat  of  cobalt,  iv.  109 
of  lead,  iv.  88 
zinc,  iv.  95 
Sulphats,  ii.  256 
Sulphites,  ii.  278 
Sulphur,  i.  27,  and  iv.  27 
Sulphurs,  i.  27 
Sulphurated  hydrogen  gas,  L55 
and  iii.  105 
azotic  gas,  i.  67 
oxide  of  arsenic,  i 
197 

oxide  of  mercury, 
red,  i.  107 

oxide  pf  mercury) 
black,  i.  ic6 

oxide  of  manganese 

i.  211 
oxide  of  tin,  i.  144 
oxide  of  zinc,  i. 

170 

Sulphureous  salt  of  Stahl,  u. 
281 

Sulphuret  of  ammonia,  i.  4°7 
antimony,  i.  186 
arsenic,  i.  1 97»  * 

iv-  535 
barytes,  i.  4*0 
bismuth,  i.  1 7^ 
cobalt,  i.  203 
copper,  i.  1 16, 

iv.  534 


INDEX. 


Sulphuretof  iron,  i. 127,  and  iy. 

534  ' 
lead,  i.  154 

lime,  i.  43 1 

magnesia,  i.  440 

mercury,  i.  106  and 

iv-  533 
molybdenum,  i.  z  2  o 

nickel,  i.  164 

platinum,  i.  237 

potass,  i.  397 

silver,  i.  98 

strontian,  i.  425 

tellurium,  i.  193 

tin,  i.  144 

tungsten,  i.  216 

uranium,  i.  223 

Sulphurets,  remarks  on,  i.  237 

Sulphuric  acid,  i.  29,  ii.  8,  and 
iv.  541 

Sulphurous  acid,  ii.  21 

Super-sulphurated  hydrogen,  iii. 
107 

Swampy  iron  orei  iv.  73 
Sweat,  iv.  508 
Swinestone,  iii.  516 
Syrup,  iv.  172 

T. 

Talc,  iii.  463 

Venetian,  iii.  464 
Talcite,  iii.  464 
Tallow,  iv.  21 
Tan,  iv.  190 
Tannat  of  iron,  iv.  191 
Tanning,  iv.  377 


Tartar,  ii.  413 

vitriolated,  ii.  259 
chaly heated,  iii.  19 
emetic,  iii.  72 
of  the  teeth,  iv.  410 
salt  of,  i.  395 
Tartarin,  i.  395 
Tartarous  acid,  ii.  108 
Tartrites,  ii.  in  and  4JI 
Tears,  iv.  420 
Telesia,  iii.  432 
Tellurium,  i.  191 

salts  of,  iii.  7^ 
muriat  of,  iii.  76 
nitrat,  iii.  76 
sulphat,  ibid. 
Temperature, equal  distribution 
of,  i.  278 
of  theatmosphere, 
iii.  302 

Tenacity,  i.  77 
Tendons,  iv.  374 
Terra  ponderosa,  i.  417 
Thallite,  iii.  490 
Thermometer  explained,  i.  275 
varieties  of,  i.  277 
Thermoxygen,  i.  356 
Thummerstone,  iii.  487 
Till,  iv.  10 
Tin,  i.  142 

salts  of,  iii.  22 

acetite,  iii.  32 

arseniat,  iii.  31 

benzoat,  iii.  33 

borat,  iii.  31 

fluat,  iii.  3 1 
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Tin,  muriated,  iii.  26 
nitrated,  iii.  25 
oxalat,  iii.  33 
phosphat,  iii.  30 
eebat,  iii.  34 
succinat,  iii.  34 
sulphat,  iii.  23 
sulphite,  iii.  24 
tartrite,  iii.  33 
pyrites,  iv.  77 
Tincal,  ii.  80 
Tinfoil,  i.  156 
Tinning,  i.  148 
Tinplate,  i.  149 
Tinstone,  iv.  76 
Titanite,  iv.  122 
Titanium,  i.  223 

ores  of,  iv.  119 
salts  of,  iii.  92 
carbonat,  iii.  94 
muriat,  iii.  93 
nitrat,  ibid, 
sulphat,  ibid. 
Tombac,  white,  i.  199 
Topaz,  iii.  450 

ancient,  iii.  500 
false,  iii.  442 
occidental,  iii.  450 
oriental,  iii.  432 
Saxon,  iii  452 
Touchstone,  iii.  509 
Tourmaline,  iii.  460 
Transmission  of  caloric,  i.  288 
Transpiration  of  plants,  iv.  277 
Trap,  iv.  17 


Tria  prima  of  the  alchymists,  i. 

383 

Tripoli,  iii.  457 
Tufa,  iv.  22 

testaceous,  iii.  516 
Tungatat  of  lime,  iv.  115 
Tungstats,  ii.  88  and  396 
Tungsten,  i.  213,  and  iv.  115 
salts  of,  iii.  89 
ores  of,  iv.  114 
Tung6tic  acid,  ii.  87 
Turpeth  mineral,  i.  104,  and 

»•  475 
nitrous,  ii.  480 
Tyles,  ii.  238 

U. 

Varee,  i.  402 

Varnishing,  iv.  2c6 

Vegalkali,  i.  395 

Vegetables,  iv.  169 

structure  of,  iv.  242 
decomposition  of,  iv. 

3°+ 

Vegetation,  iv.  231 

Verdegris,  ii.  5  n 

Vermilion,  i.  107 

Vesuvium,  iii.  472 

Vinegar,  ii.  93 

radical,  ii.  99 
of  Saturn,  iii.  45 
of  Venus,  ii.  99 

Vital  air,  i.  18 

Vitreous  copper  ore,  iv.  53 
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.  Itreous  sliver  ore,  iv.  43 
itriol,  green,  iii.  3. 
blue,  ii-  495 
white,  iii.  54 
triolic  acid,  ii.  9 
jlatile  and  volatilization,  i. 
:28 

ulcanic  ashes,  iv.  23 
•Icanite,  iii.  505- 
vanitic  ochre,  iv.  118 
anium,  i.  221 

ores  of,  iv.  j  1 7 
salts  of,  iii.  90 
acetite,  iii.  91 
arseniat,  ibid, 
fluat,  ibid, 
muriat,  ibid, 
nitrat,  ibid, 
phosphat,  ibid, 
sulphat,  ibid, 
tartrite,  iii.  92 
>t  of  ammonia,  iv.  45  2 

soda,  iv.  356 
a,  iv.  341 

acid,  iv.  356 
le,  iv.  434 

spirit  of,  i.  404 
changes  produced  on,  by- 
diseases,  iv.  445 
of  the  horse,  iv.  446 
cow,  iv.  447 
camel,  ibid, 
rabbit,  ibid, 
guinea  pig,  ibid. 


W. 

Wacken,  iv.  18 

Water,  i.  478,  and  iv.  540 

as  the  food  of  plants, 

iv.  246 
compositionof,i.54,48o 
of  nitre,  ii.  42 
sea,  iii.  369 
Waters,  iii.  364 

mineral,  iii.  376 
acidulous,  iii.  384 
chalybeat,  iii.  384 
hepatic,  iii.  385 
saline,  ibid, 
analysis  of,  iii.  388 
Wax,  iv.  201 

punic,  iv.  20Z 
Whey,  iv.  402 
Whinstone,  iv.  17 
White  copper  ore,  iv.  52 
lead  spar,  iv.  83 
gold  ore,  iv.  101 
Winds,  iii.  328 

trade,  iii.  329 
Wine,  iv.  313 

'     essential  salt  of,  ii.  401 
its  fermentation,  iv.  3 1 7 
component  parts,  iv.  3 1 8 
Witherite,  iii.  522 
Wolf,  i.  187 

Wolfram,  i.  214,  and  iv.  114 
Wood,  iv.  222  and  244 
Woodtin,  iv.  78 
Wort,  iv.  321 
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Y. 

Yanolite,  iii.  487 

Yellow  chalk,  iv.  7 

copper  ore,  iv.  53 

Yttria,  i.  450 

acetite  of,  ii.  405 
arseniat,  ii.  394 
muriat,  ii.  333 
nitrat,  ii.  308 
sulphat,  ii.  270 

Z. 

Zeolite,  iii.  480 

Zero,  real,  i.  333 

Zillertite,  iii.  465 

Zinc,  i.  165 

salts  of,  iii.  53 
acetite,  iii.  60 
arseniat,  iii.  59 
benzoat,  iii.  61 
borat,  iii.  58 
carbonat,  iii.  59 
chromat,  iii.  60 
citrat,  iii.  61 


Zinc,  fluat,  iii.  58 

lactat,  iii.  61 

malat,  ibid. 

molybdat,  iii.  60 

muriat,  iii.  57 

nitrat,  ibid. 

oxalat,  iii.  60 

phosphat,  iii.  58 

eebat,  iii.  67 

succinat,  iii.  62 

sulphat,  iii.  54 

sulphite,  iii.  j6 

tartrite,  iii.  60 

tungstat,  ibid. 
Zircon,  iii.  510 
Zirconia,  i.  454 

how  freed  from  iron, 

336 
acetite,  ii.  406 
carbonat,  ii.  390 
muriat,  ii.  334 
nitrat,  ii.  310 
sulphat,  ii.  277 
Zoonic  acid,  ii.  162 
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ERRATA. 


Vol.  I.  p.  in.  line  25.  After  "  manner,"  insert  "  as  that  of  gold." 

p.  309.  line  19.  For  "  The  white  oxide  may  he  obtained  by  sul- 
phuric or  nitric  acid,  or  the  black  oxide  of 
manganese,  and  adding  a  little  sugar,"  read, 
"  The  white  oxide  may  be  obtained  by  dis- 
solving the  black  oxide  of  manganese  in  sul- 
phuric or  nitric  acid,  and  adding  a  little  su*. 
gar. 

p.  245.  line  14.  For  "  most"  read  "  least,  and  for  "  least"  read 
"  most." 

p.  278.  line  17.  Dele  the  comma  after  "  however. 

p.  286.  line  20.  Insert  "  the"  after  "  greater." 

p.  294.  line  23.  For  "  makes"  read  u  make." 

p.  347.  line   2.  For  "  Micographia"  read  "  Micrographia." 

p.  384.  line   6.  After  "  publications"  insert  a  semicolon,  and 

dele  the  comma  after  "  proved." 
p.  440.  line  23.  For  "  lime"  readu  magnesia." 
p.  452.  line  12.  For  "  hyacinth"  read"  emerald." 
p.  463.  line    i.  after  the  Table.    For"  alumina"  read"  silica." 
p.  474.  line   8.  For  "  this  Book"  read"  the  First  Book" 
p.  475.  line  24.  For  "  oxide"  read"  acid." 
p.  476.  line  18.  For  «  1.55"  read  «  1.54,"  and  for  «  3.86"  read 

"  3-8J-" 

p.  503.  line  20.  For  "  oxides"  read  "  acids." 

Vol.  II.  p.     8.  line   6-  For  "  acid"  read  "  oxygen." 

p.  51.  last  line  of  the  Table.    For  "  2.1040"  read  "  1.1040." 

p.  63.  line  13.  For  "  purest"  read  "  strongest." 

p.  180.  line  24.  For  "  volability"  read  "  volatility." 

p.  201.  line   4.  For  "  vitroli"  read  "  vitrioli." 

p.  205.  bottom.  For  "  water"  read  "  air." 

p.  315.  hne  15.  For  "  soda"  read  "  potass." 

p.  317.  hne  11.  For  «  zero"  read"  28.50." 

p.  318.  line   5.  For  "  lime"  read  "  magnesia." 

p.  448.  hne  10.  For  "  this  science"  read  "  the  science." 

Vol.  III.  p.  254.  line  10.  For  "  have  denoted"  read"  denote." 

p.  370.  at  the  bottom  of  the  pnge.   For  "  zero"  read  "  a8.j°.v 
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